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TO 


PREFACE 

THE THIRD EDITION, 



In writing this work, which was first published in 
1880, and has since (in the first and second editions) 
met with a continuous sale, my aim was to give a 
general view of the means employed at that time in 
the production and application of the electric light, 
and no attempt was made to deal exhaustively with 
the subject. Although the work has necessarily been 
in great part re-written for the present edition 
(and thereby enlarged by at least one-third) my aim 
has still been to preserve, as far as possible, the 
essentially simple character of the descriptive por- 
tions rather than to offer an exhaustive treatise. 

In view of the rapid and multiplied developments 
of the art of electric lighting, numerous additions 
have been made to the present edition of the work, 
much of the original text having been removed and 
its place filled by new matter. On the other hand, 
care has been taken to retain accounts of the earlier 
developments of electric machines, accumulators, and 
lamps which appeared in the previous editions, so 
that the interesting successive steps which have led 
up to the systems now in use may be studied by the 
reader in conjunction with recent discoveries. 

The art of electric lighting has advanced so rapidly, 
that not only have results been attained of which the 
earlier electricians could scarcely have dreamed, but 
even the expectations of the later experts have been 
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VI PREFACE. 

surpassed. These developments have taken effect in 
the production of electricity, in systems of distribu- 
tion, and in the electric lamp. 

Accordingly, as might have been expected, an 
almost infinite variety of electric machines and ap- 
pliances of all kinds have of late appeared. It was, 
therefore, obviously impossible to give descriptions 
of every kind of electric lighting appliance within the 
limits of the present work. But care has been taken 
to select for treatment prominent examples of ma- 
chines, accumulators, transformers, carrying systems, 
and lamps embodying the chief points of interest or 
practical value. No apology need therefore be offered 
for the non-appearance of particular machines and 
lamps in the book. 

I have to acknowledge my indebtedness to several 
leading electricians, and to many prominent firms, for 
their kind assistance during the work of revision for 
this edition. 

November, 1889. 



NOTE TO THE FOURTH EDITION. 

The third edition having been sold out in a few 
months, opportunity has been taken, in again reprint- 
ing the work, to make a few corrections in the text, 
and to add two new chapters with illustrations — 
namely, "Notes on Ship Lighting," and "Electric 
Light Wiring Tests." In Chapter II. three additional 
illustrations have also been inserted, making a total 
addition to the present edition of twelve new illus- 
trations. 

October , 1890. 
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ELECTRIC LIGHT. 



CHAPTER I. 

INTRO D UCTION, 

If the extremities of two wires forming the poles of a 
powerful source of electricity are brought into contact 
and again gradually separated, the electric current 
continues to flow across the narrow separation, ac- 
companied by an intense evolution of light and heat. 
The distance to which the electric poles may be 
separated without interrupting the continuity of the 
circuit depends upon the electromotive force of the 
source and the total resistance of the circuit; it is 
seldom more than one-fourth of an inch. The air 
between the two poles becomes heated, and this is 
the primary cause of the conduction of the current 
across the break. 

The brilliant belt of light thus produced has been 
termed the voltaic arc. If the two poles consist of 
charcoal or graphite, the luminosity of the arc is 
greatly increased. The light in this case is supposed 
by some to be partly due actually to combustion of 
the carbon, particles of which fly off from one point 
to the other. On the other hand, it has been pointed 
out that the incandescence is still more intense in a 
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2 ELECTRIC LIGHT. 

vacuum, or in any of the gases that do not support 
combustion, than in the ordinary atmosphere, so that 
the phenomenon is not to be considered as one of 
simple combustion. A brilliant light can also be 
obtained by passing powerful currents through metals 
of low conducting power, such as platinum, or through 
thin pieces or filaments of carbon. In all cases of 
the production of the voltaic arc or electric incan- 
descence, it will be found that a great resistance to 
the current in a small space has to be overcome by 
the source of electricity. 

The date of the earliest production of the elec- 
tric light is somewhat uncertain, but in 1810 Sir 
Humphry Davy, with a battery of 2,000 zinc-copper 
elements, exhibited at the Royal Institution the 
electric light with an arc three inches long between 
carbon points. 

The following is the account given in the Pki'lo- 
sophical Magazine^ vol. xxxv., for Jan. to June, 1810, 
p. 463 :— 

"In the concluding lecture at the Royal Insti- 
tution, the large voltaic apparatus, consisting of 
2,000 double plates of four inches square, was put 
into action for the first time. The effect of this 
combination, the largest that has ever been con- 
structed, was, as might be expected, of a very brilliant 
kind. 

" The spark, the light of which was so intense as to 
resemble that of the sun, struck through some lines 
of air, and produced a discharge through heated air 
of nearly three inches in length and of a dazzling 
splendour. Several bodies which had not been fused 
before were fiised by this flame ; the new metals dis- 
covered by Mr. Tennant, iridium, and the alloy of 
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iridium and osmium, zircon, and alumine, were like- 
wise fused; charcoal was made to evaporate, and 
plumbago appeared to fuse in vactio ; charcoal was 
ignited to intense whiteness by it in oxymuriatic acid 
gas, and volatilised in it, but without effecting its 
decomposition." 

With regard to this. Professor Daniell, whose 
elegant and careful writing is still worth quoting at 
the present day, remarks : * — " The disruptive dis- 
charge of the voltaic battery through air is dependent 
upon precisely the same principles as that of the 
Leyden battery ; but the phenomena are modified by 
the lower intensity, greater quantity, and perpetual 
renewal of the force. When passing between two 
charcoal points, its duration renders it the most 
splendid source of light which is under the command 
of art. When the poles of a powerful battery are 
gradually separated after contact, the discharge takes 
place through an interval which increases with the 
heating of the air by the ignited charcoal. With 
the original battery of the Royal Institution of 2,000 
plates, the discharge passed through four inches of 
air; and with the constant battery of 70 cells the 
flame is much more voluminous, and extends to the 
distance of one inch. 

" It would, however, appear that the air is not the 
only form of matter which is concerned in the pheno- 
mena, but that particles of the solid electrodes con- 
tribute to the general effect by convection. It is 
probable that the superior brilliancy of the pheno- 
mena with charcoal may be owing to the larger 
number of its solid particles which its small cohesion 

* " Chemical Philosophy," p. 460. 
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enables it to throw off in the process. The colour of 
the light varies with the substances between which 
the discharge passes. Gold leaf gives white tinged 
with blue ; silver, a beautiful emerald green ; copper, 
bluish white light with red sparks; lead, a purple; 
zinc, white fringed with red. 

" The arc takes place with great brilliancy under 
the surface of distilled water; some electrolytic 
effect will at the same time occur, but the greater 
part of the charge will pass in a brilliant stream of 
light." 

For many years the light only remained a little 
more than a scientific toy, being occasionally used 
for lecture purposes, or for the illumination of the 
microscope ; but the discovery of the means of pro- 
ducing electricity in large quantities from mechanical 
motion through the intervention of magnetism, in- 
stead of by chemical action, gave this branch of 
electric science a new starting-point, and at the pre- 
sent day electric lights on a large scale are entirely 
produced by currents generated by the rapid move- 
ment of insulated wires through a magnetic field. 
In all arrangements for the production of the electric 
light we require first a source or generator of elec- 
tricity ; secondly, conducting wires ; and thirdly, an 
arrangement of carbons or metals, at which the light 
is actually emitted, called the lamp. We shall com- 
mence, therefore, by descriptions of the generators 
employed; and as electricity from voltaic batteries 
was first employed for the electric light, it will be 
more in accordance with the history of the subject to 
commence by describing this means of producing 
electricity for the benefit of experimenters, notwith- 
standing that the production of the light by the cur- 
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rents produced by what may be termed electro- 
mechanical means is, at the present day, by far of 
the greater importance. 

The following brief note on the units of the electro- 
motive force, the current, &c., may be useful to the 
student, but it must not be regarded as fully elucida- 
ting this branch of the subject. 

Practical Electrical Units of Measurement. 

Certain units of ** Pressure" (correctly termed Potential), of "Flow" 
(otherwise Current) and of the Resistance to Flow offered by conductors 
have been adopted. The derivation of these and their physical magnitude 
may be ascertained by consulting any standard text-book of Electricity. 
Practical electrical measuring is carried on according to the terms of these 
units. 

The Volt, — The electrical potential difference between the poles of a 
voltaic battery or a dynamo machine in motion is readily ascertained by 
means of an instrument termed a voltmeter^ which indicates the electiical 
strain, "pressure," or tendency to set up a current, without permitting a 
current to flow. The instrument shows it in volts. For example, the 
electrical "pressure " shown by one cell of the Grove's battery described 
on page 26, when little or no current is passing is very nearly 2 volts (1*95 
volts). An Edison dynamo machine (p. 157) would indicate 110 volts. 
Electric pressure is very generally and correctly termed Electro-motive 
force t abbreviated E. M. F. or E. 

The Am^hre. — This unit refers to the current or flow of electricity. As 
the magnitude of the current depends greatly upon the Resistance of the 
conductor through which the current flows, the two units are generally 
considered together. Thus, the current that would flow in the circuit of 
the Grove's cell of two volts if its total resistance were i unit (l ohm) 
would be approximately 2 amperes, abbreviated C. 

The Ohm. — This refers to the resistance to flow presented by a con- 
ductor. The legal ohm is the resistance presented by a column of pure 
mercury, 106 centimeters in length and I millimeter in section. Resis- 
tances of conductors are ascertained by comparison (balancing) with standard 
ohms by means of an instrument well known as a Wheatstone's Bridge 
and a delicate galvanometer. Resistance is abbreviated R. 

The Watt. — If the electromotive force (in volts) between the poles of a 
dynamo be multiplied by the current (in amperes) the result will be the 
external or useful electrical activity in watts. 746 watts are called an 
electrical horse-power. An incandescent lamp is said to need 4 watts per 
candle-power, or 60 watts in all to ** run " it. Thus, about 12 lamps are 
said to call for an electrical horse-power. The watt is usually abbreviated 
P (power). 

Several other units are used, but not generally, as the D3nie (force), the 
Joule (work), Coulomb (quantity), Farad (capacity), Gauss (magnetic field). 
Compare also equational numbers, p. 356. 



CHAPTER 11. 

PRIMARY AND SECONDARY BATTERIES, 

As a source of electricity for permanent electric 
lighting the voltaic battery is in our opinion practi- 
cally useless. Some recent developments of batteries 
for house-lighting, spoken of at p. 35, may, however, 
be regarded by some as a satisfactory refutation of 
this statement. It is frequently required, to produce 
small voltaic arc lights for the illumination of the 
optical lantern, the microscope, and other instruments 
of that description. Although the voltaic battery is 
somewhat costly in working, and is generally con- 
sidered a troublesome source of electricity, it may in 
some cases be made extremely useful for experimental 
and lecture purposes, and even for temporary light- 
ing of interiors. Very few laboratories and lecture- 
rooms are as yet supplied with dynamo -electric 
machines or other sources of powerful currents. It is 
probable, therefore, that for some years to come the 
voltaic battery will be used in many of the minor 
applications of the electric light. In such instances 
it may be considered a handy and even inexpensive 
source of electricity. 

The theory of the voltaic battery and the laws 
appertaining to the voltaic circuit are not treated of 
in these pages. The many excellent text- books of 
electricity adequately supply this want. A very 
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slight acquaintance with electricity will enable the 
novice to use a voltaic battery. Unless the young 
experimenter adopts certain precautions, however, it 
is not unlikely that he may find this source of current 
both costly and troublesome. On the other hand, an 
acquaintance with the working of the battery may 
enable him to employ it without inconvenience. As 
a source of small currents for experimental and 
testing purposes, he will find a voltaic cell almost 
indispensable. 

Voltaic batteries of a type suited to the production 
of the electric light are few in number. The batteries 
that are generally employed in working telegfraphs 
or ringing house-bells, or even in electro-plating, are 
all too weak for our purpose. 

We require a battery of small size to supply for a 
short period a very energetic current of electricity. 
We also must have a generator that will not vary 
much in power during about two hours. It should 
be inexpensive at first, and in working its cost must 
be low, while it should not give any trouble during 
the time the light is required. It must not waste its 
materials, but give all the benefit derived from the 
consumption of zinc as current. 

All batteries consist of one or more cells, in which 
are placed two substances, the one more oxidisable 
than the other, and acted on by acids more or less 
diluted. The most oxidisable substance is termed the 
positive element, and the other the negative element 
Electricity of opposite name is believed to flow off in 
contrary directions in equal quantities from the sur- 
face of generation — ^viz., the junction of the liquid 
with the positive plate ; but for convenience, the cur- 
rent is supposed to flow from the positive element 
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through the liquid to the negative element, thence 
from the terminal on the negative element through 
the external circuit of wire, earth, or other conductor 
back to the terminal of the positive element. The 
current is supposed^ therefore^ to leave the battery at 
the terminal attached to the negative element ^ and this 
terminal, or the end of any wire attached to it, is 
termed the positive pole. 

In the same way the terminal or wire attached to the 
positive element is termed the negative pole. 

Construction of Batteries. 
Positive Elements. — In nearly all batteries the oxidi- 
sable metal, or positive plate or element, is zinc, 
and the current is therefore produced by the slow con- 
sumption or combustion of zinc. 

Practical Directions. 
The best zinc for this purpose is that known as rolled Belgian. Its cost 
is about fourpence per lb. The plates or cylinders should be about i^eths of 
an inch in thickness, and in electric light batteries must be amalgamated ; 
that is, coated with a closely adherent film of mercury. Zinc, when new 
from the rolling mill, is greasy, and this film should be dissolved off in a 
hot solution of caustic soda. To cut zinc plates to size is a more difficult 
matter than is generally supposed. The simplest way is to make a deep 
scratch at the place of separation, repeat this on the opposite side, and run 

mercury into the cut. This will 
soak nearly through in a few 
minutes, and the plate may be 
divided by bending over the edge 
of a table. To bend zinc plates in- 
to cylinders it is only necessary to 
heat them in hot water and curve 
them over a wooden cylinder. 

A question now arises as to 
whether the zinc plate is to be 
provided with a binding-screw ^ 
or is it to have a copper strap 
soldered to it ? Binding-screws 
are procurable of aH kinds . Some 
are made for soloering to zinc 
plates, and others for screwing 
upon them. 

' Fig. I represents some specimens of binding-screws, of which the smallest, 
with rounded head, is best suited for screwing upon plates and cylinders of 



Ih 



n 



Tl 




►{f~iI 



Fig. I. — Binding- screws and Clamps. 
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zinc. For soldering, the same screw is made with and without plain stems. 
Conducting straps of copper should be cut from sheet, and of uniform 
width, with a length of 5 inches. They are usually attached to zinc cylin- 
ders for use in Bunsen's cell. It is by far best to drill a hole in the zinc 
and strap, and to securely rivet the latter to the cylinder. The joint should 
be quite firm, the copper where it touches must be cUan, and a coating of 
Japan or other varnish will protect the connection from corrosion. 
. When a connection is to be soldered, a tinman's '* iron ** should be used, 
although the blow-pipe is frequently employed for this purpose. The flux 
generally consists of a weak solution of chloride of zinc. The solder itself 
is a mixture of tin and lead, generally known as **soft solder.'* In con- 
nections between copper wires, or copper and brass, it is advisable to use 
resin as a flux. Joints made in copper cables with the aid of zinc chloride 
have been known to become " rotten." 

To amalgamate zinc, dip the plate for a minute in acidulated water, one 
to ten ; pour the mercury into a shallow vessel, and, while the zinc surface 
is wet, distribute the mercury upon it with a pad of cotton or tow until a 
perfect surface is secured, and tne mercury covers the plate. If there are 
parts where the mercury will not " take," dip the plate again into the 
dilute acid and repeat the process ; finally, set the plate up on edge to 
drain off the superfluous mercury. ' 

If the plate is not amalgamated,' ** local action " will reduce the current 
in strength and waste a great deal of the zinc. The mercury connects the 
various impiuities of the zinc together, and prevents the local action from 
eommencing. After use, if the plates show black patches, they should be 
re-amalgamated. 

Negative Plates. — Receiving or negative plates in 
electric-light batteries are usually of the dense variety 
of carbon known as graphite, found in gas retorts 
after gas-making. It may be scaled off. Its price at 
the gas-works is trifling, as it is, otherwise than for 
batteries, of little use. The best carbon, which aids 
the development of the current, is very hard, of a 
grey colour, and dense crystalline structure. It is, 
therefore, very difficult to cut, and unless proper 
appliances be at hand, in the shape of a revolving 
disc of iron, fed with silver-sand and water, it will be 
found cheaper to buy the plates and blocks from the 
instrument-dealers. 

The Excitant is, as a rule, sulphuric acid diluted 
with much water. 

Containing Cells. — The containing cells have a 
capacity from half a pint to a gallon. Quart size is 
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very well suited for electric-light batteries. The 
single-liquid cells have only one containing vessel, 
while those that are double have two. Outer cells 
may be of glass, but, as a rule, glazed earthenware is 
stronger and more suitable. When a considerable 
number of the cells is required, it will be found that 
the makers can supply them at a much cheaper rate 
than the instrument-dealers. 

Porous Cells are of unglazed earthenware. They 
are made usually in two shapes — round tubes, long 
and narrow, and in oblong form, for use in Grove's 
battery. They are placed within the zinc cylinder, 
or U-shaped plate, and usually contain the negative 
element. 

Such cells, to be suitable for electric-light purposes, 
must not be hard and dense, while the thickness of 
the sides should in no case be over -^ths of an inch. 
The softest are of red-ware; but better cells, and 
sufficiently porous, are made from white clay. A test 
of the porosity should be taken by placing water in 
the cells, and allowing them to stand for some time. 
If, after about 1 5 minutes, a dew does not appear on 
the outside of the cell, it is probably too hard or thick, 
and will offer too great a resistance to the current. 
If, on the other hand, the water actually runs off the 
side, the cell is too porous, and will shorten the period 
of the action of the battery by too rapid transfusion 
of the liquids into each other. This mixing action is 
correctly called endosmosey although the term is also 
applied to the peculiar creeping of solutions of 
metallic salts, such as the copper sulphate used in 
Daniell's cell. Porous cells are easily procurable of 
instrument-dealers. 

Composition of a CelL — A voltaic cell must be com- 
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posed of two dissimilar metals or materials immersed 
either in one or two liquids. The one-liquid cells, 
although convenient enough for short experiments, 
so rapidly acquire a film of gas upon their negative 
plates that the development of the current is speedily 
impeded, hence such cells, unless the excitant be 
agitated in some way, are unfitted for supplying 
current for any length of time. 

In the two-liquid cells the negative plate is sur- 
rounded by a liquid rich in oxygen ; hence the 
hydrogen, which is, in single-liquid cells, set free at 
the negative plate, is, in such a double-fluid cell as 
Grove's, absorbed by the oxygen of the nitric acid. 
In the more effective two-fluid batteries the nega- 
tive plate is by these means kept quite free from a 
film of hydrogen. This fault in single-fluid cells is 
generally known as polarization. It will be of in- 
terest to observe that what here is a fault is really 
the fundamental principle of the various electric 
accumulators,. secondary or storage batteries lately 
introduced. 

Two-liquid cells are, however, more troublesome, 
and may be set aside in favour of single-liquid ones 
for many short experiments. 

Bichromate Cells. 
Besides the series arrangement of coupling up the 
cells, which is shown in Fig. 2 and diagramatically 
by Fig. 3, the elements may join up in parallel as 
shown by Fig. 4 ; or again, we may have a combina- 
tion of the series and parallel arrangement as shown 
by Fig. 5, which represents 12 cells joined up, four in 
series and three in parallel. The electro-motive 
force of a combination of cells as shown by Fig. 5 is 
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Fig. 2.— Simple Voltaic Cells. 



that due to the number of cells in series — e.g. is equal 
to four cells. The joining up of the cells in parallel 

does not alter the electro- 
motive force, it merely 
diminishes the resistance 
in proportion to the num- 
ber which are in parallel. 
Thus the resistance of 
the whole combination 
is one-third of the resis- 
tance which four cells 
alone in series would 
have, since we have three in the parallel number. 
The most advantageous combination to be adopted 
in particular cases 

depends upon circum- -— — ^-— I rl [-1 hi ^ 

stances, but the object I'll 

aimed at is to make ^*^* ^* 

the internal resistance of the combination equal to 
the external resistance through which the current 

has to flow — this makes the 
latter the greatest possible. 
Two wires, it will be seen, 
convey the current from a 
coupled-up battery of cells, 
and scarcely any action 
commences within the bat- 
tery until the ends of these 
conductors are brought to- 
gether in metallic contact, 
or until some circuit, such 
as that of one composed of 
wires and an electric lamp, is provided for the elec- 
tricity to flow from and back to the battery. 




Fig. 4. 
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For electric-arc light purposes it is generally best. 



up in series (Fig. 3) — zinc. 




FiR. 5- 



up to 50 cells, to join 
carbon, zinc, carbon. 

A plate of zinc be- 
tween two ^plates of 
carbon then forms a 
single element of the 
battery. A brass 
clamp may bind the 
whole together, the 
zinc being prevented 
from contact wdth the carbon by strips of wood as 
thin as possible, while the two carbons are connected 
as one by the brass clamp. Elements, or sets thus 
made up, can be charged with dilute sulphuric acid 
if a fairly strong current only is required ; but for 
electric - light purposes, requiring a powerful and 
steady current, the containing vessel should be three- 
fourths filled with a mixture as follows : 

Crystals of bichromate of potash 3 oz 

Water i pint. 

And (when cool) sulphuric acid 2 oz. 



pairs 
elec- 



When this liquid is fresh, it causes the 
immersed in it to give off a great deal of 
tricity — that is, a strong current. 

Practical Directions. 
Pairs of bichromate of potash cell plates should not be immersed in the 
solution until the current is really required and all is ready. Of course, all 
the pairs, joined up by spirals of wire, may lie near the cells until the time 
comes for placing ihem in the liquid ; but a much better device, and a most 
convenient and cheap containing cell, is exhibited in Fig. 6. Bottles of this 
shape, and to contain about a quart, are easily procurable. The neck 
should be sufficiently large to admit the pairs of plates, while the liquid is 
not readily splashed over the top. Attached to one of the cells is shown 
a stout brass collar, A, soldered around the neck tightly. To this is 
securely attached an upright stout brass wire, bent as shown at b. The 
object is, of course, to provide a convenient hook upon which to suspend the 
pairs of plates when lemoved from the liquid. All the cells should have 
this arrangement, and may be put out of action in a moment by pulling up 
and hooking the plates by their wire or in a loop soldered on the clamp. 
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Fig. 7 exhibits a more expensive and elaborate form of the bichromate 
of potash cell known as the ** Grenet " pattern. It is very handy for 
experiments, and requires little attention. The pair of carbon plates 
extend downwards from the wooden or ebonite cover of the bottle to the 
bottom, and remain permanently in the liquid. The carbon is not injured 
by this continuous immersion. The liquid will keep for a considerable 
length of time, but the time it will work is, of course, limited to perhaps 
IS minutes, if the bulk be small. The zinc plate is attached to a sliding 
rod, movable in a split brass tube fastened to the cover, and may thus be 
lifted clear of the liquid, so as to throw the cell out of action. This 
prevents waste of the zinc and the solution. 

The carbon plates are made fast by screwing or riveting to stout angular 
pieces of copper, and these being connected together, and having soldered 
to them the stem of a binding-post, one wire serves as before for both 





Fig. 6.— Battery Cells. 



Fig. 7.— Small Bichromate Cell. 



plates. The split tube is connected by a strip of copper or brass to the 
other binding-screw. The ebonite cover — or a wooden cover will do 
equally well— is furnished with a brass collar to fit over the neck of the 
bottle. . „ , . 

Fig. 8 exhibits another shape of bottle, of larger size, as usually employed 
in the construction of cells of great capacity. The zinc should be as laxge 
as possible, and its top should be furnished with a piece of ebonite cut to 
fit between the carbon plates, to prevent the zinc from twisting and closing 
the circuit within the cell. 

The art of working bichromate cells consists, first, 
in never leaving or placing the zinc in the solution 
when the current is not required, removing it the 
instant the experiment is performed, and in not 
leaving it in the liquid for over five minutes without 
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either disturbing the liquid or moving the plate. The 
great defect of such cells is the want of circulation in 
the liquid, so that, when the latter is allowed to re- 
main quite still, the current is soon weakened. If 
heat can be applied, so as to cause some circulation, 
the current will come off almost in full even flow 
until the solution is exhausted. Exhausted solutions 




Fig. S.—Bichromate Cells. 

may be thrown away, or they may be allowed to 
spontaneously evaporate, when the chrome alum 
formed in the action may be recovered. This salt is 
of value in dyeing. 

Practical Directions. 

All the connecting -wires should be insulated, and at least as thick as 
No. 16 Birmingham wire gauge. All connections must be clean and 
metallic ; electricity will not pass through dirt, coatings of oxide, or cotton 
covering. Connecting points in clamps should be occasionally examined, to 
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prevent imperfect contact. Bad connections will weaken the current, and 
sometimes stop it altogether. To give some convenient elasticity, the 
connecting wires may be wound on a rod to form a spiral ; but too much 
wire must not in this way be introduced into the circuit, as the current may 
be weakened by its resistance. All connections to lamp or instruments 
should be thick, or No. 12 copper wire. All uninsulated wires must, of 
course, be kept from contact together, otherwise the circuit may be closed 
outside the battery before it reaches the electric lamp or other instrument. 

Fig. 9 represents a form of bichromate battery in much favour, as it admits 
of a great number of plates bein^ placed in and withdrawn from the liquid 
at one movement. The arrangement also permits of the easy agitation of 
the liquid. The author has seen a battery of this kind of 25 quart cells give 
a beautiful electric light for a considerable time by an ingenious arrange- 
ment of a weight, wheel, and lever rocked by a crank applied to the lifting- 




Fig. 9.— She-cell Lifting Battery. 

gear. In this way the plates were raised a little way, and then dropped 
every second, thus agitating the liquid — the result being a steady current. 
A is a wooden frame, accommodating as many oblong glazed cells as 
may be required. The plates are all attached to a wooden holder above 
them as exhibited, above which are attached the binding-posts as in other 
forms of the cell. This holder is capable of sliding vertically upon A, by 
means of the handle and spindle with cords, B and c. 

Number of Bichromate Cells required. — ^This depends 
upon the amount of light required. A light will be 
given by 6 cells of quart size, but it will be a small 
light, and will not permit of any actual separation of 
the carbon points ; 12 cells will yield much more than 
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double the light, and 24 will admit of actual separa- 
tion, giving the true voltaic arc and a very brilliant 
light ; 50 cells will give rise to a voltaic arc of great 
splendour, probably equal to 1,500 candles. 

It may be said that, up to 50 cells of the quart size, 
it is generally advantageous to connect up in series 
for use with ordinary electric lamps. 

The electromotive force of 50 cells is usually suffi- 
cient, and any greater number of cells should be con- 
nected in parallel circuit to an equal consecutive 
number of cells of the 50 elements, so as to reduce 
the internal resistance of the battery whilst maintain- 
ing a sufficient electromotive force. Thus, if there 
are 100 cells, each 50 should be joined up in series, 
and then the negative wires from both should lead to 
one screw of the lamp, and both positives to the other 
screw. Thus the electromotive force of the battery is 
not increased, but the resistance of the elements that 
are doubled is halved. But as before stated, the most 
advantageous mode of grouping a given number of ele- 
ments must depend on the resistance of the external 
part of the circuit ; for with a given number of ele- 
ments they should be so grouped that their internal 
resistance shall equal the external resistance. It will 
be unwise to expect over half-an-hour's continuous 
light from any bichromate of potash battery; and 
there must be agitation of the liquid to get even this 
amount of light. The solution may be refreshed 
afterwards by the addition of 2 ozs. of sulphuric acid 
to the pint. 

Constant Batteries. 

Bunsen's Cell. — The original battery invented by 
Bunsen consisted of a cylinder of carbon for the nega- 

C 
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tive element ; and the zinc, in the form of a cylinder 
also, was placed within the porous cell. This form is 
expensive to make, and also more expensive in use 
than that now known as the Bunsen cell. 

Fig. 10 is a view of a Bunsen cell of approved con- 
struction. The outer vessel is of glass. The positive 




Fig. lo.— Bunsen Cell. 

element consists of a cylinder of thick sheet zinc, to 
fit loosely into the outer vessel. A is a projection left 
upon the zinc in the process of cutting it to size ; it 
serves to provide a fastening for the binding-screw 
clear of the liquid. The screws are of brass. Within 
the zinc cylinder is a vessel of porous earthenware, as 
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before indicated, and in this porous vessel, completing 
the cell, is placed a cylindrical or square block of gas 
carbon, with a binding clamp, B, fastened to it. 

The roll of zinc, A, should not be a complete cylinder. 
The edges should not come quite together ; a division, 
however narrow, should be left while bending. Both 
inside and outside of the cylinder should, and indeed 
must, be amalgamated, as is done with flat plates, 
and care is necessary to renew the amalgamation as 
soon as black patches are observed to form upon the 
surface. 

As to the actual making up of Bunsen generators, 
as here exhibited, the outer cells should contain 
nearly a quart of liquid at least. They are best made 
of brOwn well-glazed earthenware, as before recom- 
mended. The zinc cylinders should be cut to the size 
in the flat sheet, leaving the stem for the screw upon 
them for connection, and then bent over a wooden 
former while hot. The porous pots should be higher 
than the zinc, and the zinc should be higher than the 
outer cell. A soft porous cell is the most suitable, of 
white or red materials. Within the porous cell is 
placed the carbon block, which should be highest of 
all, and may be either round or square ; but square 
blocks are almost always used, and are easily procur- 
able at about |d. per inch in height, retail. A hard, 
clear, grey carbon should be chosen, and black and 
porous varieties rejected, because they add to the 
resistance of the circuit and reduce the force other- 
wise. 

Practical Directions. 

It is a common practice simply to clamp the carbon by a binding-clamp 
of brass for the connection. This is, however, when ihe cell is to be used 
much^ a bad and decidedly troublesome way of getting contact. It is by 
far better to give the block a heading of lead. To do this, dry the head. 



20 ELECTRIC LIGHT. 

cut a notch or two around it J inch from the end. Melt the lead and pour 
it into some square mould, such as a cavity made in hard putty or plaster 
of Paris. Before the lead sets, dip in the carbon end, and allow the whole 
to solidify before removal. While still hot the binding-screw may be 
soldered on, and before it cools the whole should receive a coating of 
melted pitch ; or, which is much better, dip the head in melted (solid) 
paraffin, which, when cool, will eflfectually defend the connection from 
outside attacks of the acid. 

A better way still, although not so quickly accomplished, is to electro- 
type a heading of copper upon the rods, to insure the best possible connec- 
tion. To do this, partly fill a porous pot with acidulated water; place this 
in an outer cell containing crystals of copper sulphate di-solved in warm 
water. Heat the rods, and give them a coating of paraffin, driven in with 
a hot iron, between where the liquid will reach up to and where the 
heading will reach down to. If any paraffin spreads upon the end, drive it 
back by heating ; cut now a few notches in the head as before, and drill a 
hole right through, in which place tightly a piece of stout cotton wire, 
having J inch of the end projecting at each side. Tie a wire around the 
carbon block, at the end of which fasten a strip of zinc, which place in the 
porous cell, while the carbon head dips into the copper solution. As soon 
as this is done, a deposit of copper will begin to form upon the wire and 
carbon, and when it has attained a thickness of good brown paper, remove 
the block, drill two holes right through the copper and carbon,*soak a 
little time in warm water, dry off, and place for some time in melted 
paraffin to obtain an efficient protection. The binding-screw may be 
soldered to the copper, which will be found of the greatest utility as a 
heading which cannot be attacked by the acid. 

The exciting liquids are : — 

In the outer cell with the zinc . . i part sulphuric acid ; water, 4. 
In the porous cell, with the carbon . strong nitric acid only. 

This " charge " will work the cell for about 4 hours. 
After this the outer acid will have exhausted itself ; 
but the nitric acid, which will have turned from a 
clear liquid to a reddish colour, may be used again. 
The second time of using will turn it green, and the 
third time quite clear again, when it should be thrown 
away and replaced by fresh. It is no economy to 
use nitric acid of inferior quality ; it should be con- 
centrated. 

The Bunsen, while at work, gives off the fumes of 
the nitric acid, which renders it necessary that the 
battery should be placed out of doors, or in a place 
where there is a draught of air. These fumes are 
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poisonous ; they are worst while the porous cells are 
being emptied into the nitric acid stock bottle, but 
may be quite avoided in the open air. 

Practical Directions. 

In the working of large batteries of the Bunsen cell, Fonie special 
arrangements are required to enable the attendant to get through the 
work of charging quickly and accurately. First, the sulphuric acid mix- 
ture must be prepared in a large bottle beforehand, by pouring the 
acid into the water — not the reverse — and stirring. It is most convenient 
to have a graduated measure, by means of which the correct quantity of 
nitric acid may be determined before placing in the cell. This is of more 
importance than might at first seem to be necessary ; but a measure that can 
be quickly and easily filled to a known point, and as speedily emptied into 
the cells, will not only be cleanly, but will prevent spilling the nitric acid 
. into the zinc compartment, an accident which sets up violent local action 
upon the zinc. It will first be necessary to find how much liquid will fill 
the porous pots to within one inch of the top when the carbons are placed 
in them, and then to fill all the cells with the carbons and zinc? near at 
hand. It is further of consequence to have the Jiquid within the porous 
cell at the same height as that in the outer pot. 

The battery should not be put in action until within a short time of its 
being required. A dish of water should be at hand in the case of accident 
by burning the hands with nitric acid, and it is well for the attendant to 
have in use his oldest clothes, because nitric acid will, if dropped upon 
them, destroy the part. Quickly place the zincs and caibons in their 
respective cells first, and then go backwards over the series, making the 
connections with certainty. See that each screw is well home, and that 
there is no bad connection throughout. As to the time such operations 
occupy, a battery of 50 Bunsens may be unpacked, put into action, and 
the light produced within twenty minutes. 

When the porous cell of the Bunsen battery is 
charged with a strong solution of the bichromate of 
potash, as recommended for the single-liquid cell, its 
force is very little diminished and the fumes of the 
nitric acid entirely avoided. Of late, most experi- 
menters have abandoned the use of nitric acid in 
favour of the chromic acid. 

Practical Directions. 

Again, in pulling the battery to pieces after operations, all the connec- 
tions should first be loosened ; then the zincs should be placed one by one 
in a bucket of water to wash off the acid. The caibons are next similarly 
treated, and after putting a funnel in the neck of the nitric acid bottle, the 
porous pots should be emptied one by one, and then plunged in water. The 
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outer liquid may be thrown away, as it is useless, or nearly so. Porous pots 
should, alter once being used, be kept in v ater for a few hours to soak out 
any nitric acid or zinc sulphate, which, while dry, would crack them. All 
connections should be well wa^'hed and dried, and before again using 
should be looked to for oxidised or bad contact points, which must be 
scraped bright or filed. 

Zinc cylinders showing black patches should be again amalgamated, but 
this will probably be unnecessary until after the third time of using. 

The force of the Bunsen will increase after setting- 
up for about an hour, and the full effect will not be 
attained until the acid soaks through the porous pot. 
Carbons, as in bichromate batteries, kre not affected 
in the least, and will last any length of time. The 
zinc is consumed slowly, through the mercury coat- 
ing. 

Twenty-five cells of the Bunsen will give a very 
brilliant light, and 50 will produce an arc of great 
power, while 100 will, when coupled in two parallel 
circuits of 50 each, so as to give an electromotive 
force of 50 volts and a resistance of a few ohms only, 
produce effects of the most splendid character. The 
conducting wires must be thick — about No. 12, and 
even stouter conductors should be employed when 100 
cells are used, joined up in parallel circuits of 50 each. 

Fig. 1 1 is a view of a pair of Bunsen cells of a 
superior finish, for laboratory use. They are fitted with 
removable screws upon both the carbons and zincs. 
The containing vessels are of glass. The engraving 
exhibits the separation which should be made between 
the edges of the zinc cylinder. This separation is 
chiefly for the purpose of preventing the formation of 
local currents in the zinc, while it also assists the 
outer liquid to more freely circulate. 

Various arrangements of the Bunsen cells may be 
adopted in making up a handy battery. The frame- 
work and lifting arrangement spoken of in connection 
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with the bichromate cell is also applicable to the 
Bunsen. There is, however, one disadvantage in the 
two-liquid cells, and it consists in the diffusive ten- 
dency of the two liquids, whether the cells are in 
action or not. It is thus almost 'impracticable to 
arrange a rackwork frame for the Bunsen, so as to 
obtain the convenience of the arrangement to the ex- 
tent previously described in reference to the bichro- 
mate. It is better, however, to have the means of 
lifting the elements out 
of their cells, as it is 
useful when the battery 
is put into action for 
short experiments ex- 
tending to about one 
and a half hours. Dur- 
ing this time no great 
mixture will have taken 
place, and the zincs 
and carbons, arranged 
on the lifting-board just 
above their respective 
cells, may be lowered 
as required. There are 

some advantages in the frame used in this way. 
Bunsen batteries are most convenient when put up 
in long boxes while in action. 




Fig. II. — Pair of Bunsen Cells, showing 
connections. 



Iron Cells. 

With the primary idea of effecting economical 
working, a cell has been tried, the invention of Mr. 
Slater and others. All that can be here said of it, as 
well as of every other form of cell in which iron is 
employed yet introduced, is that they are entirely 
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unfitted for use in inexperienced hands. The iron 
cell is objectionable in many ways, but its chief fault 
would appear to be the tendency of the acid in the 
iron compartment to boil over when least expected. 
Such cells are, moreover, false economy, as will be 
found on working them for electric light, although the 
first cost may be lower than that of the Bunsen. 

Chromate of Lime Cells. 

To replace the potash salt with greater economy 
and equal power in working, a cell of the double- 
liquid kind has been devised by Messrs. Fitzgerald 
and Molloy, which is said to be about as constant as 
the Bunsen, while it is almost as effective in working, 
and is undoubtedly cheaper when properly made. 

The chief point in the construction is to secure as 
large a negative surface as possible, and, by means 
of a soft porous cell, to reduce the internal resistance 
of the combination. 

Several forms of make-up have been tried. The 
best is a cylinder of carbon surrounding a large 
porous cell containing the zinc as a cylinder. Carbon 
cylinders are difficult to make. The graphite must 
be ground finely, or that deposited as powder upon 
the retorts may be used direct. It must be mixed 
into a stiff dough with water and sugar syrup, then 
baked until hard, and, while still hot, plunged in a 
strong solution of sugar or tar, and finally heated to 
whiteness and cooled slowly. 

Another construction of the cell is arranged as 
follows : — A large soft porous cell is taken, in which 
is placed centrally a thin rod of carbon, or a Bunsen 
rod, with a screw afiixed. Around the rod is packed 
a quantity of broken carbon in lumps as large as 
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hazel-nuts. Over the top is run melted pitch, and a 
conical hole is left for the introduction of the liquid. 
The outer vessel, as in the Bunsen, contains a cylinder 
of zinc, and its diameter should be only just enough 
to admit the porous cell freely, the object being to 
have the zinc near to the negative element. In order 
to allow the outer liquid greater freedom of action, 
the zinc cylinder should have a separation of about 
i in. The cell is thus a carbon and zinc one, like 
Bunsen's. The exciting solutions are, however : — 

For Porous Cell. 

Chromate of lime 2 ounces. 

Water 5 „ 

Sulphuric acid 5 »» 

For the Outer Cell. 

Water i pint. 

Sulphuric acid 3 ounces. 

The action will be found to give off little or no 
fumes. The electromotive force is slightly greater 
than that of the Bunsen ; but the internal resistance 
is also greater. 

This same cell is available for use with another ex- 
citant, which will be found to work even with greater 
force, and give little or no fumes for the first two 
hours : — 

For the Porous Cell. 
Bichromate of potash .... 2 ounces. 

Nitric acid 10 ,, 

Sulphuric acid 2 ,, 

In the outer cell the solution is the same as for the 
Bunsen. This will be found to work with greater 
power than the Bunsen, owing to the arrangement of 
the carbon, and the internal resistance is less, but the 
cost of working is rather greater. After use the porous 
cells should be emptied of their liquid contents, and 
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kept in water until again wanted. The same solution 
may be used two or three times, and if there be any 
appearance of a poverty of potash salt, more should 
be added. 

Various modifications of such cells may be used. 
As a rule it is best to provide a strongly acid mixture 
for the carbon compartment. Thus the cell above 
mentioned, as its construction is virtually the same as 
the Bunsen, may be used with great advantage as a 
Bunsen, and it will give a greater current than the 
common forms, while the cost of construction is very 
little more. 

Cells Too Weak. 

Avoid attempting to produce the electric light with 
the following cells : — Daniell, Smee, Manganese, Sul- 
phate of Lead, Sulphate of Mercury, Chloride of 
Silver, Marie Davy (mercury sulphate cell), Copper- 
Zinc (simple), Minotto (modification of Daniell), Le- 
clanch6, Highton, Clark's Mercury, Peroxide of Iron, 
Perchloride of Iron, Callaud's, Spiral Cell, Meidinger 
(modification of Daniell), and, in short, all cells used 
for telegraphy or bell-ringing. 

The Grove Cell. 

This cell admits of a very large and powerful bat- 
tery being placed in a very small compass. Grove's 
cell is like the Bunsen, except that platinum foil is 
employed instead of carbon. The solutions are the 
same — ^that is, strong nitric acid in the porous pot 
with the platinum foil, and acidulated water in the 
zinc cell. To obtain the greatest power, it is most 
effective when made up in cylindrical vessels like the 
Bunsen. 
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Fig. 12 represents the zinc cylinder of a Grove cell. 

Another make-up, adapted to the purposes of lec- 
turers and where great portability is necessary, is 
shown in Fig. 13, where A is the zinc plate, in a flat 
outer cell, and B the platinum foil plate, in a flat 
porous vessel. 

Fig. 14 exhibits these cells with the elements re- 
moved. Porous cells of this kind are more expensive 
than round ones. They should be thin in the sides, 
but the ends and bottoms for strength may be thicker 
with advantage. 





Fig. 12. — Zinc Cylinder. 



Fiff. 13.— Grove's Cell. 



Fig. 15 shows how the zinc plate should be bent, so 
that it may embrace the porous cell closely. The 
generator has thus a great deal of zinc surface. To 
increase the otherwise somewhat small surface of the 
platinum plate, it should be corrugated, or simply 
very much wrinkled ; but it is better to corrugate it 
in the direction of its length, which will both increase 
the effective surface and add to its sti£Fness. Fig. 16 
shows the platinum plate arranged for the cylindrical 
zinc of Fig. 12. A is a cover of wood or ebonite to 
which the plate is made fast, and a connecting strip 
leads to the binding-screw holder, B, which is of brass 
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or copper sheet, bent at right angles, and secured to 
the wooden cover by two screws. It is a mistake to 
purchase platinum foils too thin. There is no waste, 
but foil that is like tissue-paper is a source of constant 
trouble. 

Practical Directions. 

The chief objection to the use of platinum is its great cost, as it is not 
procural le as sheet or wire under j^i los. per oz. ; but an ounce of platinum 
will go a long way in foil of sufficient thickness for use in the Grove cell. 
The connection may be soldered on, but it is usuj*lly better to solder on a 
clamp-p^ece of sheet-copper first, across the top edge ; and to protect this 
metal irom the fumes of nitric acid, it should be coated, while waim, with 
Brunswick varnish, or sealing-wax dissolved in warm methylated spiiits of 
wine. Any kind of clamps or screws may be used, but it is most con- 
venient to have them removable. 






Fig. 14. — Pots for Grove's 
Cell. 



Fig. 15. — Zinc for Grove's Fig. 16. 

Cell. Platinum Plate. 



Fig. 1 7 represents a ten-cell Grove's battery, as used 
by lecturers for the production of small electric lights. 
It is composed of the flat cells, and the foils are 
clamped by plain clamps to the succeeding zincs 
throughout. 

The resistance of Grove's battery is very small, and 
on this account it will give, size for size, a stronger 
current than the Bunsen when the external resistance 
is small, although the difference does not warrant the 
extra expenditure except for travelling purposes, or 
when space is limited. A Grove's cell will cost about 
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three times as much as a Bunsen. Twenty Grove's 
cells, or two cases of ten as the one shown, will give 
a good light, and five such cases of ten, coupled up in 
series, will produce effects of great grandeur. 

It is of greater importance than with most other 
cells to have the conductors and connections used in 
Grove's batteries very stout and of good soft copper. 
The time this battery will remain in action is about 
the same as that given by the Bunsen. The Grove 
cells may be smaller than the Bunsen to produce 
the same effects. The same care is necessary in 
keeping the zinc amalgamated, and the bottom, or 




Fig. 17.— Ten-Cell Grove's Battery. 

bend, is usually better rounded and should be well 
watched for worn portions or patches becoming un- 
amalgamated. Less nitric acid than is used in Bun- 
sen's will be sufficient in the Grove cells. The author 
has used Bunsen cells made up in Grove vessels with 
complete success for operations extending over 2^ 
hours. Plates of carbon must, of course, be used 
instead of blocks, and they should be as thin as may 
be convenient. This make-up is more expensive than 
that of the common shape of Bunsen. Grove porous 
cells should have a lip at one corner for convenience 
in pouring out the contents. 
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Battery for Photographer's Light. 

It has long been known that the electric light is 
rich in actinic rays, and on this account it is of much 
value to the photographer in securing views of places 
and objects not reached by the light of the sun, or in 
the practice of portraiture. 

It may be said that a good electric light will be 
found to work the rapid dry plates of to-day almost 
as easily as daylight at noon. 

Since the introduction of cheap dynamo-electric 
machines and gas-engines, photographers in various 
cities have taken up the new light, and at the present 
time it is an easy matter, in London, to get a portrait 
taken at night in more than one place in Regent 
Street and elsewhere. Not every photographer, how- 
ever, can afford to go to the necessary outlay of about 
^iio for a gas-engine and machine with lamp. 

The author has devised, in a modification of Dr. 
Byrne's cells (a battery in which a constant agitation 
of the liquid is kept up by means of a current of air), 
a voltaic generator free from most of the objections 
generally urged against the application of batteries. 
It is at first inexpensive, is easily managed and certain 
in results, and its maintenance low enough in cost to 
warrant its extensive use. It is, further, very port- 
able, and may be made use of in travelling to secure 
photographs of caves and such places. It is not 
procurable commercially, and the intending user is 
therefore recommended to make it for himself, for 
which purpose full instructions are given, with an 
illustration of the apparatus. 

Assuming that the reader, from glancing at previous 
pages, is sufficiently acquainted with the usual con- 
struction of a voltaic cell to understand readily minor 
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details not here mentioned, it will be best to premise 
further remarks with an explanation of the nature 
of this generator. It is, then, a simple bichromate 
of potash cell, with negative plates of a peculiar con- 
struction, and so arranged that a very powerful cur- 
rent may be obtained from even 6 cells by the aid of 
much agitation of air. 

Practical Directions. 

Each negative plate consists of a plate of copper, to one surface of which, 
as well as to its edges, a sheet of platinum foil, compact, and free from pin- 
holes, is soldered, and to the opposite surface or back, a sheet of lead — the 
three metals being so united that the copper shall be effectually protected 
from the action of acids. The lead back and edges are then coated with 
asphaltum varnish, acid-proof cement, or any other like substance ; and 
lastly, the platinum face, being first rubbed over gently with emery cloth, 
is to be thoroughly platinised. 

To Platinise. — Fill a containing vessel and a porous cell with acidulated 
water, and place the porous cell within the large vessel. Tie a strip of 
zinc by a clean wire to the plate to be platinised ; dip the zinc in the 
porous cell, and the plate in the outer cell, and drop into the outer cell, 
while stirring, a solution of platinic chloride in water. Add di op by drop, 
with agitation, until the platinum surface is seen to turn dark, and to have 
acquired a granular deposit of platinum. Upon this surface depends to a 
great degree the power of the generator. If any difficulty is experienced 
in securing a good deposit, dip only a little of the zinc iu the solution at 
first, and increase as the coaling is seen to form. Dry carefully, and do 
not scratch the plate or remove the deposit, which it is not difficult to do 
before it is dry. 

Each cell contains two such plates, between which 
a single zinc is suspended, and when the elements 
are immersed so that the exciting fluid reaches to 
within an inch of the top, a large negative surface is 
brought into action. 

It will thus be seen that the platinum alone is the 
negative, or receiving metal, and the copper core a 
conducting body merely; while the lead, being 
almost passive, serves no other purpose than to 
protect the copper, so that any other, and, best of all, 
a non-metallic substance capable of resisting the ac- 
tion of bichromate solutions, might, with advantage, 
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be substituted for the lead. The exciting solution to 
use in this cell is prepared as follows : — 

Bichromate of potash .... 2 ounces. 

Warm water i pint. 

And, when cool, sulphuric acid . . 4 ounces. 

Practical Directions. 

Fig. 18 represents a six-cell generator of this kind. The cells are the 
ordinary brown glazed earthenware oblong ones used for the Grove and 
other batteries. They should be capable of containing at least a pint of 
the liquid ; quart cells will be f )und more economical. There are three 
plates in each cell — two platinised plates, and one amalgamated zinc 
between them. They are separated at their top edges by slips of wood or 
ebonite, against which they are securely clamped by stout brass clamps as 
shown. i?hus the brass clamp, being in metallic contact with the lead, 
with clean scraped surface, represents them both as the positive pole. To 
the zinc plate in the centre is soldered a common binding-screw. Very 
stout and soft copper wires — about No. 12 — must be used to connect up 
the elements in series, zinc to platinum, zinc to platinum, and so on, with 
clean contacts. The sets of plates are fastened to a framing of wood, made 
to slide up and down the side uprights by means of an overhead shaft, 
cords, and handle F. This allows of the plates being drawn out of the 
solution the instant they are out of action to save zinc and solution, as pre- 
viously described for common bichromate batteries. A ratchet wheel 
should be put upon the spindle, with adjustable pawl, to hold the plates in 
position when drawn up. For quart cells the plates may be 8 in. long by 
4j wide. 

The air-dislributing arrangements of this apparatus are as follow: — 
A A A is a piece of J-inch lead piping, fastened to the back of the frame- 
work, from which Jead, as shown, 6 smaller tubes (J-inch) of rubber or 
varnished lead. These extend to the bottom of the cells, and then 
run parallel with and dnectly under the plate edges. The ends are closed, 
and the horizontal portion is perforated with many small holes. B B is a 
rubber pipe slipped over the end of a, its other end being made secure to 
the outlet, C, of a hand-pump d, worked by the handle E. The air- 
pumping airangemem exhibited in the figure is not very effective — one of 
Mr. Fletcher's foot- blowers has been found much more efficient. 

If these elements are lowered into the solution 
simply, it will be found that a much greater power 
is obtainable from them than that given by zinc- 
carbon batteries, previously mentioned. The full 
effect, however, for which this valuable battery is 
remarkable, can only be obtained by pumping in 
air by the small tubes. A great disturbance of the 
liquid results, and the current is so much augmented 
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in power that even a 6-cell battery will yield a light 
equal to that given by a 20-cell Bunsen or Grove. 




The air disturbance has no effect upon the electro- 
motive force of the battery, although the volume of 
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current given off is enormously increased, and any- 
other means of effecting the required agitation would 
probably answer the purpose equally well. The 
suggestion of Professor Adams as to the air effecting 
a free circulation in the fluid, by which the metallic 
surfaces are kept constantly clear, is undoubtedly 
the correct explanation. The wonderful effects are 
in great part due to the low internal resistance of the 
cell, owing to the peculiar arrangement of negative 
plate, partly to the peculiar effect of a rapid flow of 
air upwards through the liquid, and partly to the 
production of heat. The action of the air-flow is 
principally mechanical, but by hastening the com- 
bustion of the zinc it tends to generate heat, which in 
turn reduces the resistance. The mechanical action 
of the air is to remove from the neighbourhood of the 
negative plate the chrome alum which is formed 
there, and from the surfaces of the zinc plate the zinc 
sulphate, formed by its union with the sulphuric acid ; 
and to bring a fresh supply of solution constantly to 
the surfaces. 

With a battery of lo cells, a platinum wire, 32 in. 
long, of No. 14 gauge ("089 in. in diameter), was 
gradually brought to a glowing red heat, which ebbed 
and flowed with the cessation or renewal of the air- 
flow. A brilliant electric light is maintained between 
two carbon points, which similarly varies in intensity 
with the flow of air, so that it is important to pump 
the air in regularly ; and when this can be dqne by a 
crank attached to a heavy fly-wheel, almost perfect 
regularity is secured. The effects which are ordinarily 
produced by 60 or 70 Grove or Bunsen cells were 
obtained from 10 cells of this battery in the laboratory 
of Mr. Spottiswoode, F.R.S., at Sevenoaks. 
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Batteries for House-Lighting. 

The primary voltaic battery has for many years 
been a kind of ignis fatuus to inventors. The possi- 
bility of being able to generate electricity in sufficient 
quantity for house-lighting without the aid of a prime 
motor and a dynamo is a sufficiently attractive pur- 
suit even to electricians. To those who have studied 
the subject, and have fully grasped the fundamental 
relations of electro-chemical reactions, however, the 
great question is susceptible of an easy and conclusive 
answer. Inventive talent of a high order has been 
lavished upon the production of improved batteries. 
All kinds of ingenious devices have been resorted to. 
But while this is true of the years between 1881 and 
1888, it is also true of certain periods between twenty 
and thirty years ago, so that many of the recent 
patents for primary generators are but revivals of old 
ideas. The perfecting of the incandescent lamp, pro- 
viding, as it does, a suitable burner for house-lighting 
by electricity, has necessarily given a great impetus 
to the effi^rts of inventors of batteries. While twenty 
years ago the electric lamp was as great a source of 
trouble as the battery itself, it was manifestly an 
almost impossible task to permanently light houses 
in this way, even if we neglect the question of prohi- 
bitive cost. Now the lamp difficulty has been removed, 
and yet the question cannot be said to be satisfactorily 
solved. 

Much has, however, been done. Many installations 
of electric light fed by batteries are actually in use. 
But it is a curious fact that in the most successful of 
these, the primary has had to be wedded to the second- 
ary battery or accumulator (page 40), and the installa- 
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tion consists of a large voltaic battery for supplying 
the current, and an accumulator battery for storing 
it. The fact is, that when inventors succeeded in 
producing the primary generator, its action proved to 
be, what is true of all voltaic cells for large currents, 
of a variable nature. The lamps would be alternately 
too bright or too dull, so that the accumulator, which 
is an admirable regulator, had to be called into use 
for this purpose. 

Notwithstanding that our conviction is that primary 
voltaic batteries will never be used generally for electric 
lighting, it will prove both instructive and interesting 
to glance briefly at the main features of one or two of 
the most recent and meritorious of these inventions. 

It is both remarkable and regrettable that several in- 
ventors of batteries have stooped to a kind of quackery 
for the purpose of disposing of their wares. We 
allude to that which all students of science regard 
with great contempt — the practice of making public 
all about the battery except the "excitant," the 
"depolarizer," or the nature of the elements used. 
In such cases, the " special" mixture with which the 
battery is to be charged has to be purchased from 
the inventor, who thus enjoys a monopoly of the sale 
of the stuff, the nature of which he is generally afraid 
to entrust to the safe keeping of Her Majesty's Com- 
missioners of Patents. Of such inventions we have 
nothing further to say. 

The Lalande Battery, — This battery (patented 1882) 
came before the public in 1 884. Each cell consists of 
an iron tray containing, in the form of a layer, the 
depolarizer, composed of oxide of copper. Placed 
parallel to and above the layer of copper oxide is the 
zinc plate, which is supported from each corner of the 
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tray. The cell is then filled with a solution of caustic 
soda. It is claimed that when the circuit is open, no 
action takes place between the elements. Upon the 
circuit being closed, the oxygen of the oxide of copper 
attacks the zinc, producing an oxide of that metal, 
and leaving metallic copper in place of the oxide of 
copper. 

The special and interesting feature of the battery 
(the prior invention of which is claimed by Mr. A. R. 
Bennett) is no doubt the fact that the zinc oxide, 
when collected, has a value above that of zinc, and 
can be used for paint. The inventor claims that this 
product has a value 56 per cent, above that of zinc. 
When the battery is exhausted the oxide of copper, 
or rather the residual product, can be revivified and 
used again. It is obvious that such a battery presents 
many points of advantage. Its action is fairly con- 
stant and reliable, and it is free from fumes. No 
doubt its great drawback is its low electro- motive 
force. In the hands of Mr. Fergusson, who has con- 
siderably improved the original battery, and who 
uses caustic potash in place of caustic soda, the cell 
has assumed a more practicable form for maintaining 
glow-lamps. Each cell consists of an iron trough 
24 in. long, 12 in. wide, and 18 in. deep, holding 
fifteen gallons of liquid. The negative surface in this 
case consists of folded iron gauze, into which is 
passed an agglomerate of oxide of copper and chloride 
of calcined magnesia. This is then heated, and forms 
a hard plate. When the plate is exhausted it is 
heated in a furnace, which revivifies the oxide con- 
stituent. The negative plates thus prepared are 
20 in. long, 18 in. deep, and f in. thick. Four plates 
are placed in each cell, presenting a working surface 
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of 1,280 sq. in. The positive plates are of zinc, two 
in number, 20 in., 15^^ in., and ^ in. thick; active 
surface, 1,240 sq. in. The excitant is a solution of 
caustic potash of sp, g. 1*25, and the resulting electro- 
motive force of the cell is slightly under one volt. In 
the case of the installations of this battery set up in 
London, the whole is placed in a cellar, from which 
there is an opening 'into the street. The company 
working the invention keep the battery in order. 
When the solution becomes saturated with zinc it is 
removed by means of a "vacuum cart," and fresh 
plates are supplied as required. The spent liquid is 
treated for the recovery of the zinc. // ts said that by 
means of this battery the cost of voltaic electricity has 
been enormously reduced. 

The Upward Battery, — Mr. Upward brought out a 
battery in 1886 which has some promising features. 
This inventor conceived the ingenious idea of generat- 
ing the acid just as it is required in the battery, doing 
away with a charge of acid, or any powerful excitant 
in the cells during the time of rest, or when the 
circuit is open. The cell is of glazed earthenware, 
divided into porous compartments containing carbon 
plates packed with crushed carbon. These divisions 
alternate with chambers in which zinc is placed in 
blocks. The chambers are filled with water, and the 
carbon compartments are sealed up. The current is 
generated by admitting more or less chlorine gas 
into the carbon cells, and which circulates throughout 
all the cells. The electromotive force is said to be 
above two volts. The cell only calls for attention at 
long intervals, to make up for loss by evaporation, 
and to renew the zinc blocks. The chlorine gas is 
generated separately. For this purpose manganese 
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and hydrochloric acid are used. The acid is admitted 
upon the manganese as required, the gas coming off 
as long as any strength remains in the acid. The 
gas is usually stored in a gas-holder, and its produc- 
tion need only be carried on at intervals. This 
appears to be an admirable battery for laboratories. 

Portable Electric Light Batteries. 

The peculiar difficulties presented by the oil and 
candle lamps employed by miners have led to the 
introduction of electric portable lights, giving an 
illumination of one or two candles, and fed by primary 
and secondary batteries. Hundreds of these are now 
in use in coal-mines in this country. 

Walker's Portable Miners' Electric Lamp. — Mr. 
Walker has produced an ingenious application of the 
bichromate battery in ^ his portable lamp. In one 
form of this apparatus the containing vessel of the 
battery is of carbon, forming the negative element. 
The vessel contains a porous cell, with the zinc. 
Various excitants may be employed, the most gene- 
rally useful being a solution of bichromate of potash 
for the carbon cell, and dilute sulphuric acid for the 
zinc. The cover of the battery is composed of rubber, 
having the connections passed through it so as to 
avoid corrosion. A second cover surmounts this, and 
a suitable handle is mounted upon it. The lamp, 
which is a small glow-bulb of a few candles' capacity, 
is fixed before a reflector upon the front of the case, 
and the whole emits a light sufficiently strong to per- 
mit of the reading of a newspaper at 6 ft. from the 
lamp. Its duration without recharging is ten hours. 
It weighs 5 lbs., and its cost of running is said to be 
|d. per day. 
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Friedlander* s Portable Electric Lamp, — ^This is an- 
other ingenious adaptation of the bichromate battery, 
in which only a single fluid is used. The elements 
used are carbon and zinc, and the excitant chromic 
acid in solution. The advantage of chromic acid is 
that it does not so readily permit the polarization of 
the cell; it is also more readily soluble than the 
bichrofnate of potash or soda ; but it is more costly. 
The portable lamp is fitted up in an ebonite case 8 in. 
high by 5 in. square. There are five cells, divided 
vertically, with five pairs of zincs and carbons. These 
are so attached to a horizontal spindle at the top of 
the case that upon partially rotating it the pairs are 
raised to a horizontal position and clear of the liquid. 
They may then be lowered, more or less, according to 
the light required. The lamp is a Swan glow-lamp, 
taking eight volts and one ampere, and yielding four 
candle light. It is said that the cost of a fresh charge 
of the excitant costs three or four pence, and main- 
tains the light for two and a half hours. 

A large variety of such portable primary batteries 
have of late appeared. They are most of them based upon 
the elements already mentioned in the present chapter. 
There is a great variety of excitants all claiming some 
novelty or special advantage, but these are scarcely of 
sufficient interest to demand further attention. 

Secondary Batteries or Accumulators. 

When we pass an electric current through a cell 
composed of two plates of platinum plunged in di- 
lute acid, a result ensues which may be assumed to 
be the storing up of a certain percentage of the 
electric energy. That an accumulation of electrical 
force (or force capable of becoming electrical) has 
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actually taken place may be demonstrated by discon- 
necting the secondary cell and closing its circuit 
through a galvanometer. A powerful rush of current 
is at once indicated, having a direction opposed to 
that of the primary current. If we examine this plates 
while still in the condition of electrical accumulation, 
it is found that a portion of the water has been 
decomposed into its constituents, the gases being 
deposited as a layer, or cushion, upon the two plates. 
The oxygen appears upon the positive plate, or that 
by which the current enters the cell, and the hydrogen 
upon the negative plate, or that by which the current 
leaves the cell. The hydrogen film is found to be 
electro-positive to the oxygen film, and a certain 
amount of potential energy is conferred upon the two 
cushions of gas, so that when we connect the plates 
by a conductor it is ready to become free in the form 
of a current, and so restore the equilibrium of the two 
films, which become recomposed into water, and the 
cell is once more at rest. 

A German physicist, named Ritter, was the first to 
construct a battery from which these secondary cur- 
rents could be obtained. In 1859 M. Plants dis- 
covered that sheets of lead yielded effects of 
considerably greater duration than those obtained 
from plates of platinum, which was usually employed 
by Ritter. He also discovered that by continuing 
the charging current for a suflScient time a peroxide 
of lead was formed upon the positive or oxidised 
plate, and hydrogen was deposited upon the negative 
plate. It wa s found that when this stage was reached 
the charge accumulated by the cell was very con- 
siderable, and that the element possessed a much 
higher electromotive force than any of the ordinary 
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voltaic generators. M. Plant6 also found that in the 
course of the yielding up of the energy stored the 
oxidised plate became deoxidised, and that its 
oxygen passed through the liquid to the negative 
plate, attacking and oxydising it. The positive plate, 
which had thus been oxydised and become deoxydised, 
presented the appearance of spongy lead, and so 
offering an enormous extent of surface to the action 
of the current. Each time the cell was used its 
capacity for storing electric energy was increased, 
until both plates were in the spongy state, and the 
accumulator had attained its b^X^iy formed condition, 
as it was termed. 

These observations led M. Plants to considerably 
extend the surfaces of the lead plates employed in the 
cells; He next placed canvas between two large, 
thin plates and rolled them up in a close spiral. They 
were thus separated by a short space, but insulated 
from each other. The spiral cylinder was then plunged 
in dilute acid, and the charging current passed for 
some time. The cell was then discharged and the 
current passed through it as before, but in the 
opposite direction ; again discharged and allowed to 
rest for a day or two, until the oxide formed had time 
to become rigid. The operation of forming the cell 
thus extended over some length of time, and its 
capacity for storing electric energy increased with 
each recharge. When once fully formed, the cell had 
only to be connected to a pair of suitable voltaic 
batteries to receive a charge of considerable power, 
which might be carried about and used at pleasure. 
The advantage of this secondary cell consisted in the 
powerful current it evolved, with a low internal 
resistance and of high electromotive force. 
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M. Faure, in 1881, turned his attention to the pos- 
sibility of still further extending the valuable re- 
searches of M. Plante, and acting upon the hint 
afforded by the fact that in the Plants cell a peroxide 
of lead had formed upon the plates, and that its 
thickness partly determined the capacity of the cell, 
tried the effect of coating the lead plates direct with 
a thick cushion of minium — -a kind of red-lead. This 
peroxide was mixed into a thick batter with dilute 
acid, and the plates so treated were separated by 
cloth or felt, and rolled up in a spiral or arranged in 
rectangular troughs. The result was not only a com- 
bination which was at once ready to receive a charge, 
but it possessed the advantage of having a greater 
accumulative capacity than the first cells of M. Plante. 
This ready method of forming the cells gave great 
impetus to the development and employment of 
secondary or storage batteries, and to the introduc- 
tion of many other forms of voltaic accumulator. 

Development of the Accumulator. 

Further experiments led M. Plante to the conclu- 
sion that a large portion of the time required for 
"forming*' the cell might be saved by treating the 
plates at the outset with a dilute solution of nitro- 
sulphuric acid ; the object aimed at being to render 
the plates porous, and so obtain a greatly extended 
surface for the current to act upon. The result of 
these experiments has been to reduce the time re- 
quired for forming from weeks to hours. 

Various inventors took up the development of the 
accumulator, and in the hands of Sellon, Volkmar, 
Swan, Julien, Parker, &c., it has become a combina- 
tion of great importance. 
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It was found that the method of Faure, in laying a 
coating of minium upon the plates, gave rise to sub- 
sequent inconveniences. The acidulated water rotted 
the canvas or blanket partitions, and the coatings fell 
away. Mr. Swan conceived the idea of making the 
lead plate in the form of a gridy and pressing the red- 
lead paste into the perforations, so dispensing alto- 
gether with the necessity for coatings or continuous 
separators of any kind. Mr. Parker, finding that the 

paste was apt to break away 
and fall to the bottom of the 
cell, formed a plate with 
numerous perforations, coun- 
tersunk at each side, so that 
the oxide plugs might retain 
a better hold, Fig. 19. Mr. 
Moseley and others invented 
** separators,'' consisting of 
thin ebonite sheets, corru- 
gated and perforated, and 
studs of vulcanised rubber 
inserted into the plates, so 
as to form separators at in- 
tervals without impeding the 
circulation of the liquid. 
Thus formed, the secondary battery became a 
practical every-day auxiliary to the dynamo for regu- 
lating purposes, transforming from one tension to 
another, higher or lower, for train lighting and for 
moving tramcars. 

But fresh difficulties arose in the working. It was 
found that, after a time, if the cells had been care- 
lessly treated, the ordinary solution, consisting of 
water raised to a density of 1*150 with sulphuric acid, 
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gave rise to the formation of coatings of the white 
sulphate of lead. This defect, which speedily clogs 
the action of the cell, was known as ^^ sulphatingy 

Mr. Barber Starkey, in 1886, in the course of his 
experiments, discovered that the addition of soda to 
the solution was extremely beneficial, and prevented 
the sulphating without any accompanying disad- 
vantage. 

Mr. Preece made a series of experiments with the 
new solution in order to determine the best propor- 
tions. He found,* after careful trials, that of five 
solutions of the following proportions : — 

No. I. — 5 pints sulphuric acid, 5 pints sulphate of sodium, 15 pints water, 
No. 2.-5 „ „ 4 „ „ 16 



No. 3—5 


> »» 3 >> 5» 


17 


No. 4—5 


» »» 2 ,, ,, 


18 


No. S.-5 


» »> ^ »> >» 


19 


No. 6.-S 


, „ to 20 pints of water, 





No. 5 gave the best results. The sulphate of soda 
solution was made by dissolving carbonate of soda 
(common washing soda) to saturation, and adding 
thereto sulphuric acid until effervescence ceased. 
The solution is easily made up as follows : — To a 
quart of saturated carbonate of soda solution add 
slowly, during continuous agitation, 12 fluid ounces 
of strong sulphuric acid. Fill the cell with water 
19 parts, strong sulphuric acid 5 parts, soda solution 
I part; total 25 parts. The specific gravity of this 
electrolyte should be 1*2 10. 

On the Continent and in England there are several 
makers of secondary batteries whose products are so 
near perfection as to be available for a great variety 
of purposes. They will stand charging and discharg- 

* •* Journal of the Society of Arts,'* May 3, 1889. 
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ing for many years without showing much sign of 
deterioration. 

Both Messrs. Elwell Parker and the Electrical 
Power Storage Company make cells adapted to every 
purpose where accumulators may be used. The 
latter company construct their "E.P.S." cell accord- 




Fig. 20.— Cell of the E.P.S. Type. 

ing to various patterns, for stationary purposes, train 
lighting, tramcars, and for use aboard ship. 

Fig. 20 exhibits a cell of the E.P.S. type, used for 
stationary purposes. The plates of the cell are 
divided into positive and negative, a pure lead grid 
with perforations as in Fig. 19 being cast so as to 
retain the paste. Each plate is 8J by 9^ by ^ in. 
thick and weighs 5 lbs. The positive grids have the 
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perforations filled with a stiff paste of minium. Those 
of the negative grids are filled with litharge. The 
plates are arranged in close proximity in the cells, 
being kept apart by vulcanite separators or rubber 
studs. It is not found advantageous to place the 
plates very close together, but to give space enough 
(I inch) for free circulation of the electrolyte and to 
diminish the chance of short-circuiting. 

All the positive plates are burned (not soldered) in 
contact with a common junction piece of lead and 
the negative plates with a similar piece, forming the 
poles. The containing vessels are usually glass. 
When the cell has received its electrolyte it is con- 
nected in a suitable series of such cells and the 
process of charging is commenced. 

The electromotive force of the dynamo required to 
charge cells must always be rather in excess of the 
E.M. F. of the cells themselves. Thus, the E.M. P\ 
of a secondary cell is a little over 2 volts. Hence, to 
charge ten cells, the dynamo must give not less than 
22 volts. It is usual to allow a still greater E. M. F. 
or 2*4 volts per cell. The current may vary some- 
what, but it is seldom less than 10 ampferes. Given 
this current and an E. M. F. of about 10 per cent, 
above that of the battery, and any number of cells can 
be charged simultaneously. The grouping of the cells 
is, of course, frequently made to suit the E. M. F. of 
the dynamo. Thus a dynamo giving only 12 volts 
and a current of 20 amperes would charge a 10- cell 
battery of accumulators arranged in two groups of 
five, joined in parallel. 

Charging may be accomplished still more rapidly 
by more powerful currents than the above, but, as in 
discharging, if the rate is high the cell is rapidly de- 
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stroyed. This condition is known as over-working, 
and is to be avoided if the battery is required to keep 
in good condition. 

The result of connecting the litharge (positive) 
plate with the positive pole of the dynamo, and the 
minium (negative) plate with the negative pole, and 
passing the current for several hours, is to reduce the 
former substance to spongy lead and the latter to lead 
peroxide (PbOg). Upon disconnection the battery 
will give an E.M. F. of about I'z volts per cell, but 
after a time this falls to 2 volts, and remains fairly 
constant to the end of the charge. 

To light standard 50 volts incandescence lamps a 
battery of about 27 cells is usually employed. The 
size of the cells depends upon the number of the 
lamps and the time the current is required. Thus 
one lamp only will require the whole E. M. F. of the 
27 cells. 

Capacity of the Cells, — Secondary batteries are said 
to have a capacity, or rate of discharge, of so many 
ampere hours. Thus, a small cell, having 32 lbs. of 
plates, each 9 J by 8 by 2 inches, will give a discharge 
at the rate of i ampfere for 50 hours, or a capacity of 
50 ampfere hours. The capacity of a cell is the 
amount of electrical energy it will receive and restore. 
The maximum rate of discharge from the above cell 
would be about 9 ampferes. 

Efficiency, — This depends almost entirely upon the 
rate of discharge. If the cell is discharged slowly — 
that is, through a suitable resistance — its efficiency, 
or the ratio of discharge to charge, may be as high as 
95 per cent. If, on the other hand, it be rapidly dis- 
charged (through a small resistance) it may fall to 50 
per cent. Hence, some judgment is necessary in 
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working these cells to obtain the best results. Several 
authorities put the general maximum useful rate of 
discharge within 10 hours. 

A very important element in arriving at the value 
of an accumulator is the amount of energy that it will 
receive and yield per pound weight of lead plates. 
The best cells now made give 4 ampfere hours per lb. 
of plates. This is the rate for pure lead grids packed 
with minium and litharge as described. By lighten- 
ing the plates, as for traction purposes or launches, 
as much as 5 ampfere hours can be got. But 
this is equivalent to shortening the life of the cell. 
In the earlier batteries of Plants, where the plates 
are formed entirely by electrical means, a great 
deal of lead remains unreduced, and the rate is 
often not higher than 2 ampfere hours per pound of 
plates. 

Cells for Ship Lighting. — When secondary cells are 
used on shipboard, or anywhere in motion, they are 
usually constructed in lead lined teak boxes, made 
deep in proportion to the depth of the plates, a per- 
forated screen being placed directly above the plates. 

Treatment of Accumulators. — In charging cells 
several methods of indication that the battery is 
charged are in use. The most common one, though 
it is rather unreliable, is to observe the appearance of 
the solution. When the cell is fully charged this 
becomes of a white milky appearance, owing to 
bubbles of gas that cannot freely escape. Another 
plan is to find the specific gravity by hydrometer, 
which increases very considerably up to about 1*220. 
But the most reliable test is the E. M. F., which, upon 
connection with the voltmeter will indicate between 
2*4 volts to 27 volts when a powerful charging current 

E 
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is used. The ascent above 2 volts is rather sudden 
wlien once the full charge is taken. 

The life of an accumulator depends almost entirely 
upon its treatment. It should be examined very 
frequently. In many successful installations the ex- 
amination takes place twice or thrice a week. Any 
bucklingf of the plates, or falling out of pluggings, 
especially if resting between plates, should be at 
once remedied. The solution should be periodically 
tested, and kept at 1*220 when fully charged. This 
falls about* I for every 5 ampfere hours; and when the 
density falls to 1*150 the cells are exhausted. Secon- 
dary batteries should never be worked to exhaustion. 
The density must be made good from time to time, 
from 1*150 when empty, upwards in proportion to the 
charge. 

Cells should be tested individually. When a test 
of the whole battery shows a loss in E. M. F. each 
cell should be tested by itself to discover the faulty 
point. A faulty cell should be removed, taken apart, 
faces of plates cleared, straightened, solution fil- 
tered, &c. 

The life of the positive plates, under good treat- 
ment, is probably over three years. The negative 
plates do not deteriorate so fast, and may last from 
seven to twelve years. 

A very interesting question in connection with the 
accumulator is the period for which a cell will retain 
its charge. This would appear to depend greatly 
upon the insulation of the cell. With glass cells, 
varnished, or coated with vaseline or paraffin wax, 
and insulated upon porcelain cups, the loss from 
leakage is very small. The insulating cups ^re 
generally filled with a little resin oil, and one of 
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these is placed under each comer of the cell. In- 
stances are common in which the charge of a cell has 
remained unimpaired for three or four months, and 
there appears no reason why it cannot be retained 
indefinitely. 

The accumulator is now largely used for portable 
lamps, such as for mines, travellers, and for theatrical 
purposes. A small accumulator, weighing three 
pounds, may in this way be made to light a small 
incandescent lamp for ten or twelve hours, yielding a 
light of two or three candles. 

Accumulators are also likely to be largely used in the 
future in connection with central stations for lighting 
They serve, in a measure, the purpose of a gas holder 
in a gas works. By their use the engine power may 
be reduced to a minimum, for it may work through- 
out the twenty-four hours, whereas when the supply 
is taken direct from dynamos the whole current is 
only required during certain hours, and more than 
two-thirds of the time the engine power is practically 
idle. As a reserve in case of accidents, the accumu- 
lators are also extremely useful. But many argu- 
ments are urged against them. First, their great 
cost; their rate of deterioration (15 to 20 percent, per 
annum) ; and the attention they require, &c. On the 
other hand, steam power and dynamos have been 
made more and more perfect, and it is a burning 
question whether it is best to provide a reserve in 
steam power and dynamos or in secondary batteries. 

With reference to this point the reader is referred 
to an excellent paper, followed by a discussion, read 
before the Institute of Electrical Engineers,* April 12, 
1888, and printed in the Proceedings of the Insti- 
tute. 



CHAPTER III. 

THERMOELECTRIC BATTERIES, 

The possibility of being able 'to discover an arrange- 
ment of metals which, by the aid of heat, would evolve 
electricity economically, has led many of our first 
inventors to devote much attention to the problem. 

A current of electricity is produced in a circuit 
composed of two different metals when their junction 
is heated. The metals which exhibit this property to 




Fig. 21. — Thermo-Electric Bars, 



the greatest degree are bismuth and antimony. If 
two bars of bismuth, B and C, and one of antimony, A, 
are placed as in Fig. 21, and heat applied at one 
junction while the other is cooled by radiation or 
otherwise, a current will flow into the wires and 
through the galvanometer. 

The two most efficient thermo-electric piles in use 
up to 1876 were probably those of MM. Clamond and 
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Noe ; great numbers of such pairs being employed to 
multiply the force and current. 

By the expenditure of 21 lbs. of coke per hour, 
M. Clamond, of Paris, has succeeded in maintaining 
four electric lights, each having an illuminating 
power of 220 standard candles. This is vouched for 
by the Count du Moncel ; and, indeed, there should 
be nothing impossible, or even difficult, in the accom- 
plishment of such a result. Sixty couples will yield, 
when well constructed, a current equal to a gallon 
Bunsen cell, and less than 3,000 elements will give 
the effects of 50 Bunsens with an expenditure of 80 
cubic feet of gas per hour. Such results are reported 
of the couples of M. C. A. Faure. 

M. J. E. M. Sudre, who has been working in con- 
junction with M. Clamond, has taken out a patent for 
the following advances in the make-up of thermo- 
electric batteries. 

1. For the construction and arrangement of thermo- 
electric chains composed of couples, the resistance of 
which has been reduced to a minimum. 

2. The combination and arrangement of the chains 
with two metallic plates, of which the opposing sur- 
faces are coated with an insulating layer; which 
plates form part of two metallic systems, one serving 
to collect and communicate the heat, and the other to 
abstract and diffuse it, 

3. The combination and arrangement for binding 
coupling, and insulating the thermo-electric chains, 
when several are mounted side by side between the 
two plates. 

4. The application and use of the collector and 
diffuser to any description of thermo-electric piles, so 
as to maintain the necessary difference of temperature 
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between the extremities of the couples without lateral 
waste of heat. 

One of the main features of the invention, as de- 
scribed, is the maintenance of the necessary difference 
of temperature between the two solderings of each 
couple by placing those couples between two surfaces 
from which they are electrically insulated. It is 
stated that in the construction of thermo-electric 
couples and chains, an isolated thermo-electric couple 
is ordinarily composed of a prism in metal or alloy 
casting and of a plate of iron, copper, German 
silver, or other suitable metal soldered to each of its 
extremities. The plates do not ordinarily interfere in 
the slightest with the electric force obtained, and it is 
the bar, such as that of antimony and zinc, which 
produces the effect. 

When it is desired to use two metals or energetic 
alloys of which the effects are combined, and which 
are easily fusible, such as bismuth and antimony, the 
couple is then formed of two bars, which are joined 
together by a cross bar which binds them and is sol- 
dered to each of them. 

The total resistance of a couple is composed, ist, of 
the resistance of the connecting plate; 2nd, of the 
resistance of the bar, ordinarily composed of alloys 
sufficiently resistant ; and 3rd, of a particular resist- 
ance at the points of contact or soldering between the 
plates and the bar. The metallic plates should be of 
a metal sufficiently conductive, such as copper, iron, 
German silver, &c., and should be sufficiently large 
and thick to present but a feeble resistance. They 
should also be as short as possible. These conditions, 
it is claimed, are realised in the improvements of 
M. Sudre^ Again, the bar should have very little 
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resistance under a small volume. The inventor takes 
as a datum the formula R=k~ , in which k is a spe- 
cific coefficient for the metal employed, L the length 
of the bar, and S its section. As the resistance de- 
pends on the ratio -, the volume of the couple maybe 

diminished by diminishing the length and sectional 
area in equal degrees, in which case the resistance 
will not be affected. 

The length which should be given to the bar de- 
pends upon the difference of temperatures employed. 
For differences of temperature between 10° and lao"" 
(Centigrade), M. Sudre gives to the couples a length 
of 10 or 12 millimetres, whilst if the higher tempera- 
ture reaches 300° the length varies from 20 to 30 
n^illi metres. The resistance at the points of contact 
or soldering is of the highest importance. The junc- 
tion should be made so that the plate is in contact 
with the whole section of the bar. The plate should 
penetrate to a very little depth within the bar, so as 
not to diminish too much the electromotive force of 
the couple ; for the really effective difference of tem- 
perature is that of the two solderings, and this differ- 
ence diminishes as the plates penetrate more deeply 
into the bar, and thus approach one another. 

In constructing the couples M. Sudre cuts the ex- 
tremities of the connecting plates in the form of a 
comb, the teeth of which are afterwards twisted so as 
to present a helicoidal surface, which holds the plates, 
as it were, screwed into the bars. The cut portion of 
the plates is so adjusted in a mould that the teeth 
become embedded in the bar when this is cast. A 
considerable number of bars are cast simultaneously, 
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and constitute a thermo-electric chain. The external 
portion of the plates is coated with asbestos-paper, 
mica, terra-cotta, or other suitable insulating mate- 
rial, which may be cemented to the metallic surfaces 
by means of silicafe of soda solution. 

The chains are arranged in battery between two 
metal plates, which may be plane or curved. Each 
of the plates is kept cool on one of its surfaces by 
means of a thin layer of some bad conductor of heat. 
One of these plates constitutes the collector and the 
other the difiuser. In order to maintain the diffusing 
surface at a low temperature, M. Sudre employs a 
cooling-box of water, fed from a tank. 



CHAPTER IV. 

MAGNETO-ELECTRIC GENERATORS, 

In the year 1 83 1 Professor Michael Faraday made one 
of those brilliant discoveries which have immortalised 
his name, and has formed the starting point of all 
those ingenious electro-mechanical engines of the 
present day for converting the energy stored in fuel 
into light.* Arguing that as from electricity in the 
electro-magnet he obtained magnetism, so from mag- 
netism there must be a means of obtaining electricity, 
he experimented with his usual skill and patient per- 
severance, and was rewarded by the discovery of 
what has been termed magneto-electricity. He found 
that if a magnet was moved near a coil of insulated 
wire forming a circuit, a current of electricity was 
induced in the circuit during the movement of the 
magnet. 

Fig. 22 illustrates, in a simple way, the manner in 
which the generation of an electric current may be 
brought about by means of a magnet and coiled wire, 
with a galvanometer, or current measure, to prove its 
existence. A is a bobbin of insulated copper wire, 
having attached to its ends, or in circuit, a common 
galvanometer, B. When a permanent steel bar mag- 
netjC,Js quickly passed into the coil by the central 
aperture, a current is caused to circulate in the wire, 

* "Philosophical Transactions of the Royal Society," November, 183 
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and its direction will be indicated by the direction in 
which the galvanometer needle moves. This current 
is, however, only momentary, that is, it lasts just as 
long as the magnet is in motion within the coil, and 
ceases as soon as the motion ceases. If, however, 
the magnet is now withdrawn, another current will be 
caused to circulate in the coil, and its direction will 
be opposite to that of the first. This will be shown 
by the needle of the galvanometer, B, being deflected 
to the left. 

This simple experiment contains the first of all the 
laws of magneto -electric induction, and exhibits 
the fundamental principle of every dynamo-electric 
machine. 

Were it possible or practicable to make the magnet 
move backwards and forwards within the coil rapidly 
by means of any mechanical contrivance, we should 
have a magneto-electric machine on a small scale. 
The currents would be alternating in direction, just 
like those from the machine now used to bum the 
" electric candles," and would be induced in the coil 
just as long as the motion was kept up. 

The necessary materials for the practical illustration of this important 
principle may consist of a paper bobbin 3 inches long, wound with five 
layers of No. 22 B. W. G. cotton- or silk-covered copper wire ; a galvano- 
meter or current detector, composed of a magnetised sewing-needle, sus- 
pended at its centre by a thread, within an oblong coil (say ten turns) ot 
the wire. The needle must, of course, be held parallel with the wire coil. 
A steel bar magnet of the common kind, and 8 inches long, will complete 
the apparatus practically as exhibited in Fig. 22. 

The effects produced are due to what is termed 
magndo-eleciric induction. It is more difficult to 
move the magnet in the coil when the circuit is 
closed than when it is open. The action that takes 
place may perhaps be explained as follows ; — ^The 
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movement of the magnet induces a current in the 
coil, forming it into a magnet with its poles in a 
position such as to attract the poles of the moving 
magnet in the reverse direction to that they are 
moving in, and thus opposing the motion of the mag- 
net. This opposition has to be overcome by force, 
and the energy thus expended, less that dissipated in 




Fig. 22. — Induction Experiment. 



heat, reappears in the form of current in the coil cir- 
cuit. The magnetism thus forms a connecting link 
between the movement of the magnet and the current 
produced. 

Fig. 23 illustrates an experiment in current induc- 
tion. Some electric generators have been con- 
structed upon this principle ; and they are amongst 
the most successful. • It is important that the 
reader should understand, as bearing upon the 
whole art of dynamo-electric machine construe- 
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tion, that a bobbin A, coiled with wire and connected 
to a current detector B, has induced in it currents in 
opposite directions as the wire bobbin C, drawing 
current from the voltaic cell D, is moved up and down 
in it. The principle is identical with that shown by 
the first experiment, the connecting link between the 
energy and the current produced being, in this case, 
not magnetism but electricity itself. All that can be 




Fig. 23. — Induction Experiment. 

done by the magnet may be done with the current 
bobbin C. 

The materials to illustrate practically this second phase of the first law 
may consist of the same larger bobbin and galvanometer, with a ruler, 
coiled with two layers of No. 22 wire, connected to one of the bichromate 
of potash cells already mentioned. 

First Magneto-Electric Machine. — A year after the 
publication of Faraday's experiment, a magneto-elec- 
tric machine was brought out by Pixii, who caused 
the magnet to revolve its poles near to the iron cores 
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of a pair of bobbins forming an electro-magnet. He, 
in fact, caused by mechanical means a permanent 
magnet to induce currents in the wire of an electro- 
magnet. 

It comes to exactly the same end, whether the 
electro or permanent magnet is moved. Sax- 
ton, in 1833, improved the arrangement; he placed 




Fig. 24. — Clarke's Machine. 



the whole apparatus horizontal, fixed the com- 
pound horse-shoe magnet, and rotated the armature 
in front. 

E. M. Clarke, in 1836, designed the construction 
exhibited in Fig. 24. He placed the magnet vertically 
and revolved the coils about a horizontal axis, and 
added a commutator to make the currents flow in one 
direction, which we have endeavoured to make plain 
in Figs. 25, 2b. 
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In Fig. 25 are shown the two halves of a metallic 
cylinder, insulated from each other by some non- 
conducting material. A A are two contact springs 
for collecting the currents. Let us suppose that 
a constant current is being supplied to the two 
halves of the cylinder ; in this case, as long as the 
cylinder remains in the position shown a direct cur- 
rent will pass to the springs, but if the cylinder is 
turned half-way round, the current will flown in the 
opposite direction in the springs, because the ends of 
the circuit connected to the cylinder remain the same, 
and communicate now with reverse springs. This is 
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Fig. 25.— Commutator : End. Fig. 26. — Commutator : Section. 

supposing a current in one direction, and as long as 
the cylinder rotates, the current will be reversed at 
each half turn. The machine, Fig. 24, however, gives 
alternating currents to the cylinder, and as these cur- 
rents change direction just at the point where the 
commutator reverses, it is obvious that the alternating 
currents will now be made to flow in the springs 
always in one direction. 

In practice, the common commutators are made 
like B and C, Fig. 27, which shows Stohrer's machine 
of 1836. B is a cylinder, an explanation of the con- 
struction of which is given in Fig. 26, and C is a pair 
of forked context springs. A and A in Fig. 26 repre- 



MAGNETO-ELECTRIC MACHINES. 



63 



sent the ends of the pair of springs C, just spoken of, 
and the cylinder is made up as shown in section. 
There are two metal tubes on the spindle, and they 
are insulated from each other by a tube of ebonite or 
wood, shown black. The metal tubes are connected 
to the wire coils as exhibited. Reverting to Fig. 26, 
B and C are projections on these tubes. They extend 
half round the circle, B and c (bottom) on one side, 
and B and C (top) on the other. At each half revo- 
lution, therefore, as the coil changes the direction of 
its current, so do the cylinder and springs, the result 
being a constant current in one direction. The 
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Fig. 27. — Stohrer's Machine. 

current is necessarily strongest just as the coils, with 
their iron cores, pass the poles. In these machines, 
therefore, we have simply an electro-magnet revolved 
before the poles of a permanent magnet. 

Clarke's machines are usually employed for medical 
purposes, and as no shocks would be felt upon 
grasping handles fixed to the wire ends were the 
currents continuous, it is usual to arrange an inter- 
rupter in the circuit. This may be done either 
by employing a third spring, working on a brass 
tube split, so as to give a break of circuit, at its 
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centre, or by making the half-rings in Fig. 26 overlap 
on the tube — that is, making them slightly pass the 
central line. The result will be that the current at 
each half-turn will pass for an instant by the fork of 
the spring, so cutting it for the same period of time 
from the exterior portion of the circuit. 

Construction. 

Concerning the practical construction of these machines, it is not our 
intention to dwell upon it at great length, on account of their sim- 
plicity. It will, however, be useful to state that the iron used in these 
revolving electro- magnets, as cores Siud yokes, should be as soft and pure as 
possible, so that it may with rapidity change its magnetical polarity. Hard 
iron will develop only weak currents. The material usually employed is 
Swedish iron, made soft by soaking in a blood-red fire for some hours, and 
then cooling very slowly by burying in the hot ashes or allowing the fire to 
go out. The parts of iron to be screwed together must be quite clean, and 
in order to secure a good connection they should be quite flat. 

The size and number of layers of wire must be regulated by the purpose 
for which the machine is intended. If high electromotive force be required, 
as for an electro-medical machine, the wire should be fine, to give a great 
number of turns ; but if the currents are required to do work in an external 
circuit of low resistance, a thick wire is to be employed. The electro- 
motive force and resistance of that part of the circuit formed by the moving 
coil will depend upon the number of turns of the wire, and upon its size. 
The greater the number of turns, the higher the electromotive force, and 
the stouter the wire the less the resistance. 

The amount of current or quantity passing in a 
given time in the circuit depends on the resistance 
of the whole circuit, as well as on the electromotive 
force ; and, therefore, if the portion of the circuit 
external to the machine is of small resistance the 
wire of the coils should be large, and if the external 
circuit is of great resistance the wire should be small 
and have many turns. 

The principle is to some extent analogous to that 
of the voltaic battery, for when the cells are increased 
in size the internal resistance of the battery is de- 
creased, and if the external resistance is small, the 
decrease in the total resistance of the circuit thus 
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obtained more than counterbalances any decrease in 
electromotive force. If the number of elements is 
increased the electromotive force is increased, and if 
the external resistance is great compared to that of 
the battery, this more than counterbalances the in- 
crease of the battery resistance. 

It is important that this should be borne in mind 
as bearing on the voltaic arc. Great electromotive 
force will give a longer arc than a small electro- 
motive force ; but if we get very small internal resis- 
tance we can produce with a given electromotive 
force an arc which, though having a very small 
length, may, from the magnitude of the current 
passing, have a greater volume of light than with 
the greater length of arc. The exact relation, how- 
ever, between all these elements of the question are 
not as yet entirely understood. Despretz, in a paper 
communicated to the French Academy, describes 
some experiments on the subject. He found that the 
length of arc increased more rapidly than the number 
of elements in series, and that by coupling given 
gfroups of batteries in parallel circuits (or, as it some- 
times is termed, "for quantity") very small arcs as 
regards length were obtained, but the amount of light 
given is not stated. 

Construction. 

For medical machines, from No. 18 to 32 wire, cotton- or silk-covered, 
will answer, according to the tension required. No. 22 or 24 will usually 
be found suitable, and as many as from tive to ten layers may be wound on 
the reels. Ail connections must be soldered to prevent bad contact, and 
care is necessary that the wire passes from one reel to the other like the 
letter S (a. Fig. 28), so that, in appearance, the winding may be in oppo- 
site directions, b. Fig. 28, exhibits the iron back and the coils. 

Magnets of the permanent kind for such machines must be of good 
steel only. It is, indeed, imperative that the steel should be of the finest 
kind if tne best effects are sought, and if it is required that the magnet 
should retain its force for many years. Steel of indifferent quality will 
soon become weak in magnetism ; that known as << tungsten'' steel is the 
best. 

F 
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The soft steel should be heated to a dull red, and then curved into the 
horse-shoe shape required. It should then be finished up, and again 
heited to a blood-red and plunged, bend first, in cold water or oil. 
This should make it so hard that a file will not act upon it, when it is 
ready for magnetisation. In order that the steel may absorb the maximum 
of magnetisation, it is usual to reduce its hardness at this stage to a slight 
degree by plunging it in a bath of melted lead or tin, the temper being 
observed by the colour produced. The steel may be magnetised by a 
permanent or electro-magnet larger than the new one, or by a few cells 
of the strong batteries, such as the bichromate or Bunsen. In magnetising 
by battery, the legs must be coiled with insulated wire. Four layers of 
No. 1 6 wiU be sufficient on each, and one minute of passing the current 




Fig. 28. — Electro-Magrnet. 

will suffice. The circuit should be broken two or three times during the 
operation. The process of magnetbing by a magnet is by rubbing it 
upon the steel, pole following pole, from end to end, in one direction. 
A piece of soft iron must cross the poles of such magnets when not in 
use or while being magnetised. 



Large Magneto-Electric Machines. 

Some eighteen years passed without any great ad- 
vance being made in the use of magneto machines, or 
any increase in their size, although several patents 
were taken out, some of which we shall have to allude 
to farther on. 

The "Alliance" Machine. 

In 1850 Professor NoUet, of the Military School of 
Brussels, commenced the design of a powerful mag- 
neto-electric machine, with the view of decomposing 
water and procuring oxygen and hydrogen for the 
limelight. In 1853 a company for this purpose was 
formed in Paris called the Soci6t6 G6n6rale de 
rElectricit6, and a large machine by NoUet was ex- 
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perimented on in Paris. The experiments failed as 
regards the lime light, but experiments on the electric 
light made by Mr. F. H. Holmes with this machine, 
altered to a continuous current machine by means of 
a commutator, were so far successful as to lead to 
further experiments both in France and England. 
About 1859 the Compagnie de T Alliance was formed 
for the manufacture of electric light machines. In 
the machines made by this company the commutator 




Fig. 29. — The Alliance Mag^ieto-Electric Machine. 

of Holmes was removed and the alternate current again 
adopted, and the machine was known as the "Alliance 
Machine," Fig. 29. Mr. Van Malderen had much to 
do with the success of these machines, which were 
used afterwards in the French lighthouses. From 
what was known when this machine was invented it 
was not possible, perhaps, to produce a better mag- 
neto-electric generator. 
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To a central shaft is made fast a series of copper 
or bronze discs, carrying each at its outer edges as 
many as i6 coils of wire with iron cores. The whole 
of this system, which may consist of as many discs 
as may be required, is caused to revolve by attach- 
ing the central shaft to a steam-engine. To an 
outside frame is secured a number of compound 
steel magnets ; 8 sets of magnets are provided, and 
the coils revolve between each pair of magnet 
poles. The actual construction has been varied 
many times. 

The currents given off are collected, one sign from 
the axis and the other from a brass ring upon, and 
insulated from, the axis. Alternate currents are of 
course produced, and as there are as many changes 
of direction as coils, the machine gives 1 6 alternate 
currents per minute ; the shaft being driven at 400 
revolutions, there must be at least 6,000 to 7,000 
alternate impulses and changes of direction per 
minute. 

As a matter of course, the parts, on account of these 
rapid magnetic reversals, become heated, but the way 
in which the parts are arranged causes them to act 
as a wind fan, which although it absorbs some power, 
keeps the machine cool enough for continuous 
working. 

It was a modification of this class of machine which 
first illuminated the south lighthouse at Cape La 
Hfeve, in 1863, and the same apparatus, slightly im- 
proved, was put down at the north lighthouse in 1865. 
Two 8 horse-power steam-engines drive a pair of the 
machines at each lighthouse. The light from one is 
equivalent to 1,900 candles. The same kind of machine 
is fixed at Cape Gris-nez. 
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The Holmes Permanent Magnet Machines. 

Mr. Holmes gave further attention to the subject, 
and in 1857 ^ large machine, made under his super- 
intendence for the Trinity Board, was experimented 
on at Bl^ckwall under the direction of Professor 
Faraday. In this machine the magnets, 36 in number, 
mounted on six wheels, rotated, and the coils were 
fixed and arranged in 5 rings of 24 each. The cur- 
rents were made direct by means of a commutator. 

The experiments were satisfactory, and two larger 
machines were made for the South Foreland light- 
house. In these machines the magnets were fixed 
and the coils rotated as in the earlier Alliance 
machine. The machine contained 60 compound 
horse-shoe magnets mounted radially in their vertical 
planes, the poles of the magnets being turned away 
from the centre. The coils, 160 in number, were 
mounted upon two wheels about 9 feet diameter, 
80 to each wheel. By means of a commutator direct 
currents were obtained. The power absorbed was 
2 1 horse-power to each machine. On the 8th of 
December, 1858, the electric light produced from 
permanent magnets was shown on the sea for the 
first time at the South Foreland high lighthouse. 
These machines were afterwards removed from the 
South Foreland lighthouse and placed in Dungeness 
lighthouse, where the light was exhibited in February, 
1862. Another machine was made by Holmes in 
1867, afterwards used at Soutar Point lighthouse in 
1 87 1, in which the magnets were fixed, but turned 
with their poles towards the centre. There were in 
this machine 7 rings of 8 magnets each, and between 
the rings of magnets revolved 6 wheels on the shaft, 
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having i6 coils each. This machine had no com- 
mutator, and the alternate currents were taken off 
by brushes. It is, in fact, nearly a return to the 
Alliance machine, viz. permanent magnets, horse-shoe 
magnets turned with their poles towards the shaft, the 
coils revolving, and no commutator. Professor Holmes 
afterwards designed other machines which do not be- 
long to the permanent magnet class, and will be de- 
scribed farther on. 

The Siemens' Armature. 

In 1856 Dr. C. W. Siemens patented an armature 
of great merit for magneto-electric machines, and 
which has been, and is still, extensively used in mag- 
neto machines of various descriptions. It consists of 
a long iron bar, deeply grooved on two opposite sides, 
lengthwise. In this deep channel the wire is wound 
lengthwise of the bar, over its ends and along its 
sides. One end of the wire is soldered to the iron 
armature itself, and the other to a metal ring (insu- 
lated) on the driving spindle. This 
y^^^^^^ arrangement occupies the place of the 
f^ y^ electro-magnet in Clarke's machine, 
and it is rotated, by suitable means, 
between the poles of a powerful per- 
manent magnet. 

Fig. 30, which will further explain 
this, exhibits a cross section of the 
armature, with the wire in position. 
The sides of the armature are solid and 
rounded. Two cheeks, hollowed out, 
are shown attached to the poles of the magnet. 
These embrace the armature, which revolves very 
closely to them. It is usual in practice to wind the 



Fig. 30.— Siemens' 
Shuttle Armature. 
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wire until it nearly completes the circular form of 
the sides. Rings of brass are then put over all, to 
prevent the wire from being forced out of position 
by the force of rotation. The pole cheeks are long, 
to embrace a considerable length of armature. There 
is very little churning of the air, as in Clarke's 
machines. This form of Siemens' armature has been 
employed by Dr. Siemens in a magneto-electric 
machine, with a number of magnets arranged parallel 
to one another, and by several other makers, among 
whom may be mentioned Mr. Wilde, of Manchester, 
and Mr. Ladd, of London. 

The armature, and several modifications of it, have 
been employed in magneto-electric telegraphic ma- 
chines, and in the better class of medical apparatus. 
These forms of the machine do not, however, concern 
us here, although they are, historically, of much 
interest. 

Pacinotti's Ring. 

In the year i860 Dr. Pacinotti devised a magneto- 
electric armature of peculiar form. It was first used 
in a machine made for the Physical Cabinet of the 
University of Pisa in that year. It does not appear, 
however, that Dr. Pacinotti published a description of 
his machine until the year 1864. The nature of the 
Pacinotti ring, as it is sometimes called, will be most 
readily understood by the description of Brush's 
armature, to be given further on. 

Breguet's Machine. 

M. Breguet, a well-known manufacturer of electrical 
apparatus in Paris, constructs a machine which is 
composed of a pair of large permanent steel magnets, 
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passing between the poles of which is a shaft carrying 
a stout iron disc, upon the face of which is secured, at 
right angles to it, a series of iron cores wound with 
wire. These cores are so arranged that both magnets 
act upon them, one magnet upon their free ends, and 
the other upon the ends fixed to the iron disc. 

The apparatus is simply an extension of Clarke's 
principle, but the number of bobbins admits of a con- 
tinuous current being given off. The coils are joined 
up as a battery in series. As the system is caused to 
revolve, all the bobbins on one side of the poles will 
give off direct currents, while those on the opposite 
side will give off inverse currents. These currents 
are properly collected by a pair of springs at the 
changing or neutral line. The contact slips are dis- 
posed readily from the central parts of the disc, and 
to each strip are joined the two adjacent ends of each 
pair of coils. 

There is no actual break of circuit during the revo- 
lution, because the contact springs are always bearing 
upon two or more of the radial slips. 

On a large scale the machine would doubtlessly 
work very well, and is adapted for the rapid dissipa- 
tion of heat generated by the magnetic reversals. But 
the same advantage is again a disadvantage, because 
the coils, being some way from the axis, act as a fan, 
and so consume power in churning the air. 

C. F. Varley's Machines. 

In the machines constructed upon the designs of 
Mr. C. F. Varley, actual, or nearly actual, contact was 
maintained between the armatures and the poles of 
the inducing magnets. The magnets themselves, 
together with the intermediate cores, surrounded by 
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coils of wire, form a complete ring, link, or circuit of 
iron, or iron and steel. These permanent or inducing 
electro-magnets have their respective north and south 
poles continuously or nearly continuously closed, 
notwithstanding the movement of the armature or 
armatures ; but the armatures, when rotated or moved 
to and fro along the iron or link, affect the direction 
of the currents. 

In arranging a machine on these principles in the 
simplest and most elementary form, two horse-shoe 
magnets are placed opposite to each other, and between 




Fig. 31, — Varley*s Machine. 



their poles are two soft iron cores, on which are wound 
coils of insulated wire. The poles of the magnets are 
placed, the north opposite the south. Together with 
these, which are the fixed parts of the apparatus 
(Fig. 31, A, b), an armature is employed, E, to which a 
reciprocating motion is given, which places it first in 
contact, or nearly so, with the two poles of one 
magnet, and then tranfers it to a corresponding posi- 
tion with respect to the other magnet. The faces of 
the magnets and of the armature may be grooved to 
increase the area of the surfaces in contact or in close 
proximity. 

In place of a reciprocating armature, a rotating one 
may be employed, so formed as to connect the north 
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pole of one magnet with the south pole of the other, 
and, as it rotates, to couple the poles alternately. 

In the figure a shaft is shown, c, reciprocally moved 
by the crank and power-pulley, D. In addition to this 
design of a dynamo-electric machine, Mr. Varley has 
invented various other pieces of apparatus for the 
production of single or multiple circuits of current. 

M. Gramme's Magneto-Electric Machines. 

M. Gramme, of Paris, introduced about the year 
1 87 1 what was considered at the time as an entirely 
new kind of armature, but which was afterwards dis- 
covered to have been invented previously by Pacinotti, 
as before alluded to.* 

It is a complete ring of iron^ and the wire is wound 
upon it without a break all round the circle. If an 
iron ring has thus wound upon it an insulated wire, 
forming a complete coil, the ends of which are con- 
nected by soldering together, and if this coil and ring 
are caused to rotate upon a central axis between the 
poles of a magnet, there will be developed in the coils 
a curious electric state. Two currents are constantly 
flowing in the wire, such that as each point in the 
circuit arrives at a spot equidistant from the two poles 
of the magnet, that point in the wire has a maximum 
positive potential, whilst the point in the coil exactly 
opposite to this has a maximum negative potential. 
If now the exterior turns of the wire are denuded of 
covering, and a pair of springs made to press, one on 
each side of the ring, on a line directly between the 
poles, a constant current, similar to a constant fall of 
water, will pass in any outside circuit connected to the 
springs. 

* See list of dynamo machine patents, p. 170. 
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A Gramme ring may be made to work just as de- 
scribed, but in practice a different way of constructing 
the ring is adopted. 

M. Gramme makes his ring armature up as shown 
in Fig. 32, where A and A are the ends of a coil or 
ring, composed of a great number of soft iron wires. 

B B B are the coils of wire used by M. Gramme to 
cover the ring, it being found more convenient to 
make up the endless coil in sections, and then join 
them properly together, than to wind the wire from 
end to end and take the currents from the bared 
exterior. The upper 
part of the ring is 
seen fully coiled, 
while the lower side 
is being filled with 
coils. CC are the ends 
of the coils of wire, 
which are taken out 
for connecting up 
after the ring is com- 
plete. At D is shown 
a number of copper 
plates radiating from 
the centre, and having fixed to them, in notches and 
with soldering, the ends of the completed coils of 
wire. These radiating plates are simply for the pur- 
pose of carrying the currents along the axis to the 
point where they are taken off by a pair of contact 
pads or springs. 

When the ring is complete, it is entirely covered 
with coils of insulated wire, and each coil is connected 
to a copper plate. The connection is made up, how- 
ever, in this way : — ^No. i coil has its inside end con- 




Fig. 32. — Gramme's Ring. 
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nected to No. i copper plate, and to the same plate is 
connected the outside or commencing end of No. 2 
coil. The outer end of No. 2 coil is then connected to 
No. 2 plate, and to the same plate is joined the out- 
side end of No. 3 coil. This is continued around the 
circle, and the plates act exactly as if the wire was 
simply bared, and the currents collected direct. These 
radiating copper plates are also exhibited in the fol- 
lowing views of the machine and its parts. The 
centre of the ring is filled up with a block of wood, or 
is driven by a brass spider-wheel, through which runs 
the central spindle, and into slits in which the copper 
plates fit. In Gramme's ring the iron wires forming 
it are not divided as represented in the figure. They 
form an endless hoop of soft iron, enveloped in an 
endless helix of insulated wire. 

The length of wire in each coil will depend upon 
the size of the machine and upon the size of the wire. 
For No. 12 wire, well insulated, as much as 12 yards 
may be placed in each coil, and it is important that 
those coils are not very thick. They should be so 
thin as to allow about fifty to be placed on a 5-inch 
ring ; but a great deal will depend upon the amount 
of care employed. Every part of the ring must be 
covered, and it will be found best, as convenient in 
making up the central space equal to the exterior, to 
coat the copper plates with gutta-percha and varnish 
at their outer edges, and to place them between the 
coils against the ring itself. Fuller particulars for 
actual construction will, however, be found further 
on. 

Fig. 33 exhibits a section of the wire ring and coils, 
B B, upon a central spindle, c C. A A are the magnetic 
pole-pieces between which the ring revolves. It will 
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be observed that there are lock-nuts to secure the 
central portion in position. 

Gramme's magneto-electric machines are now 
manufactured by M. Breguet, of Paris, in two or three 
forms to suit hand-power. The machines are very- 
useful in laboratories, where a powerful current of 
electricity is often required. The best type are those 
with Jamin's laminated magnets. 

FiS* 34 is a view of this machine. It will be 
observed that, as in many other forms of the Gramme 
machine, the currents are collected upon the neutral 
magnetic line y that is, on a line passing between the 
poles of the magnet, vertically. 




FJg* II* — Section of Gramme's King. 

Following are a few instructions by which the 
amateur may be enabled to make for himself a very 
useful hand magneto-electric machine. The construc- 
tion is not difficult, and doubtlessly will be undertaken 
by very many in want of some clean and handi 
apparatus to supersede the troublesome and often 
unwholesome battery. 

Fiff' 35 represents a more simple form of the same 



f;y-«? vp^/J'/t.*, f'xrn::r^j^ a c/>c:pcrjnd ma^et of cob- 

'I J/>r rr^a^r;^^, 5*^ a p<f:Tfnanent *^tieJel one- Some idea 
'/f th/? -frff/j'.t of/tainabk from the current, while the 
h'^xA-'H^ii'M h tlnv^tn *;,bout ^ turns per minute, may 




1<IM> .H« Cjiuiitiiiu liund MuKnuiu-Klcctric Machine. 

l)ci ^athtinrd from tho fact that 14 in. of No. 36 B. W. G. 
plfttlnutn wiro iwS brought to a white, glowing heat in 
(I fow Hccoiuls, and the turning of the handle at a 
ialrly uniform spood may be easily kept up for almost 
any tinu^ roquired in ordinary experiments. 
Tho g(>ntTal arrangement of the parts is indicated 
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by the figure, in which M M is the permanent magnet, 
w the driving-wheel, gearing in a pinion on the 
spindle of the Gramme ring. Screws are represented 




^'g* 35* — Gramme Hand Magneto-Electric Machine. 

on the face of the magnet. These are employed when 
the magnet is made of two or more sections or layers 
of steel. A solid steel magnet is used in the machine 
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made by M. Breguet, but it is undoubtedly better to 
make it up from two or more layers, although in this 
case constructional difficulties are much augmented. 
The teeth of M. Breguet's driving-wheel are cut 
obliquely upon the circumference of the wheel. This 
is supposed to both decrease the noise and the risk of 
breakage ; but the common wheel and pinion will be 
found to work the ring quite well. The base is solid, 
and it is imperative that it should be of some heavy 
non-magnetic substance, if the machine cannot be 
clamped or screwed to a table ; this insures steadi- 
ness. The bearings or standards for the driving- 
wheel spindle also carry the ring spindle, and are of 
gun-metal. The driving-wheel may be of brass, as, 
although cast-iron would do, it is very apt to give 
way at the toothed portion; brass or gun- metal is 
therefore to be recommended. The magnet should be 
of the best steel only, because steel of indilBFerent 
quality will not only fail to take up sufficient magnet- 
ism but will lose its little strength in course of time. 
Even the best steel will, in a few years, lose some of 
its magnetic strength, but it is no difficult matter to 
re-magnetise it. The wire used in the construction of 
the ring should be of the softest iron procurable, and 
the wire from which the coils are made should be of 
good copper of high conductivity. A high degree of 
accuracy is not necessary except in the making up of 
the ring, which must be truly circular and somewhat 
equally balanced. 

Construction. 

The Magnet, — This part of the machine may be constructed in more 
ways than one. What is really required is a concentration of magnetic 
power at the ring-cheeks, p /, Fig. 36. Various forms of magnet might be 
employed to effect this, exclusive of electro-magnets ; but as space in height 
is of little moment, and as the steel is most conveniently arranged verti- 
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cally, the form of magnetic arrangement exhibited by Fig. 36 will be found 
to answer the purposes of the amateur best. 

Fig. 36 represents the magnetic horse-shoe M M ; the concaved cheeks, 
ppy may form part of the same mass of metal, but it will be found most 
t^asy in practice to make them of cast-iron, and to screw them to the mag- 
net limbs as shown at the dotted lines on either side. The feet or basis of 
the bent bar should be attached by screws from underneath, on account of 
the difficulty of placing wire coils upon the magnet in the process of im- 
parting the necessary magnetic strength. * The length of the bar complete 
may be 3 ft., its width 3 in., and its 
thickness \ in. It should be made 
from rolled steel, of flat bar shape, 
although any other shape of steel will 
answer the purpose. It is well to 
know, however, that if the thickness 
be greater than } in., the extra metal 
will be superfluous, for thick bars do 
not carry more magnetism than thin 
ones, and the difficulty of hardening 
will be greatly increased. 

The bar should first be bent to a 
U -shape, with two limbs of equal 
length, and a space between them of 
6J in. It may then be finished up, 
and have the screw holes for the 
cheeks and feet drilled. The screws 
may be ordinary f -in. bolts or screws. 
The hardening and tempering should 
then be proceeded with. The bar 
should be hardened in a good char- 
coal fire, which' must be of equal heat 
throughout the space occupied by 
the steel. As soon as a good blood- 
red heat is attained, plunge it into 
water, hendfirsty vertically. If this 
is not done as directed, it is pro- 
bable that the bend will be softer 
than the other parts. The steel 
should be so hard that a file will 
scarcely cut it. Leave the "skin" 
on, and coat with sealingwax or 
other varnish, except where the 
cheeks, p p^ are to bear. If the magnet is to be magnetised by rubbing 
with another, do not yet coat with varnish. 

Magnetism may be obtained in two ways : these are, first, by rubbing 
with a sufficiently strong electro-magnet; second, by passing round the 
steel a strong current of electricity. Very few people possess electro- 
magnets of sufficient strength to impart much vitality to so large a mass of 
steel, so that it will be best in most cases to use the voltaic current. It 
wiU be necessary to place upon the steel legs a pair of long coils of stout 
cotton-covered wire. No. 16 B.W.G. wire will answer very well, and as 
many as four layers ought to be in each coil, if its length does not cover the 

G 




Fig. 36.-.Small Gramme Ma-gaet. 
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straight part of the steel. The battery power to employ may consist of 
just as many quart Bunsens or bichromate cells over 6 as the maker may 
possess. The more battery power the more magnetism, usually up to 20 
cells. Ten cells of the simple bichromate battery in series will answer 
very well. The current may be passed for about a minute, and the circuit 
should be broken several times during this minute. The bar will be more 
difficult to magnetise, as it is harder ; but the magnetism will last longer 
without variation. The poles should be crossed by a piece of iron during 
magnetising. Care should be taken that the wire from one leg crosses to 
the other like the letter s ; if this is not attended to, and the wire is not 
wound as it is upon common electro-magnets, the magnetisation will be a 
iailure and must be repeated under different conditions. If the wire be 
coiled upon the steel direct, it will be safest for the amateur to continue 
the coiling over the bend, when the direction must be correct. 

The cheeks p p are of cast-iron. They should be 6 inches high by 5 inches 
wide, and thick enough to allow of the 5j-inch circle, s, being cut from 
them. The space between their faces will thus be about half an inch or 
more. It will be best to have them cast to pattern, and then turned out. 
If there is convenience for annealing the cast-iron, this may be done in a 
charcoal fire by heating to redness and cooling slowly. The circular space, 
S, should be as true as possible, for it is upon the nearness of the iron to 
the ring that the effects, to a great extent, depend. The backs must be 
made flat, to bear truly upon the clean flat surface of the magnet itself. 

If the base is to be of iron, and the feet of the magnet are to be secured 
to it direct, they must be of brass, and brass screws must be used. If a 
wooden base is to be employed, the feet and screws may be of any metal. 
It will thus be seen that care is necessary not to close the magnetic circuit 
of the horse-shoe by any iron prolongations. The magnetic arrangement 
must be made steadily fast to the base, in position, and the rest of the 
work may be proceeded with. 

The Ring, or Armature. — In the Ghramme machine the best form of 
ring consists of a flat bundle of soft iron wires, as is exhibited by Fig. 32, 
p. 75. The bundle of wires is a little more difficult to arrange in practice 
than one ring of iron. A good plan is to make it up of three 2 -inch wide 
lengths of soft iron, one over the other. The innermost layer must be 
shorter than the second layer, and it must, in turn, be shorter than the out- 
side layer. They are to form an almost complete ring, except a gap of I J 
inch wide, to allow the coils of wire, b, to be slipped on. This gap, when 
all the ring is coiled, is then to be filled up with a piece of iron having a 
coil of wire upon it. This will complete the ring, the iron body of wMch 
must be continuous. The diameter of the ring, outside, is to be 3 J inches, 
and its diameter inside will thus be about 2} inches, its width will be 
2inches, and this size of ring will, when coiled with wire, give an outside 
ringsof 5 inches diameter or a little over, to fill the space s, Fig. 36, with 
clearance room. 

TheVcoils of wire, B B, Fig. 32, p. 75, are to consist of four layers of 
No. 16, Wk- or cotton-covered. Silk will prove the better insulator, but 
cotton wriU answer, if well dried and soaked in melted solid para^n. The 
layers of wOre are to be i J inch or rather less in width. They should be 
first coiled wpon a former- or mandrel, having the same size as the ring 
body, and mliy be kept in shape by tying with silk thread and steeping in 
paraffin. Th«y are to be slipped on, entering at the gap a a, Pig. 32, 
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p. 75, until the ring is quite full, and their ends, c c, are directed to one 
side. The last coU, filhng up the gap in the ring, is to be placed upon the 
piece of iron filling up the gap. This iron piece should fit into the ends so 
as to spring them apart, and must have a catch or taper filed upon it to 
keep it in place when it is tightly pressed in. A ring made fi-om a hoop of 
soft iron, solid, answers very well. 

"We have now the ring, with the wire upon it, and all the coil ends 
extending outwards at one side. There will be spaces at the outside not 
filled with wire, and they should be filled up completely with some such 
substance as melted pitch, to which some gutta-percha has been added. 
Concerning this, it should be remarked that these spaces will not exist if 
the contact plates of copper (d, Fig. 32) are placed within tjie ring, as 
there shown. It will, however, be easier for the amateur to leave the 
ends as they are, and to proceed to finish the ring as follows : — Turn a box 
or hard-wood drum to fit the centre of the ring tightly. Let it be very 
slightly tapered and somewhat rough, to give a hold to the ceqtient. Its 




Fig* 37— Gramme Ring and Contact Drum. 

length should be 7 inches, and it should have a central aperture to 
receive a tightly-th-iven spindle of J-inch round iron, of length over all 
9 inches. Let the wooden drum pass through the ring until its thickest 
end is nearly flush with the wire coil, and the small end projects con- 
siderably. Mark this place, remove the ring, and in the wooden drum 
— commencing at the mark reached by the coils, make a number of 
slots or cuts with a saw. These cuts must be equal in number to the 
calls, and must radiate from the centre. Fig. 37 is intended to repre- 
sent this. Now turn down the wooden drum for 2 inches at one end; 
reduce until the diameter is i inch ; D, Fig. 37, will now represent 
this end so reduced. The depth of slots will be reduced also. 

Into these slots must fit tightly pieces of thick sheet copper, D, Fig. 32, 
p. 75. These radiating slips must be driven in, and their edges should 
be flush with the wood drum, both at the wide and reduced parts. 

File the slips down to the cylindrical form, connect the coils with the 
slips, and, to fasten on the ring, press the ring firmly on the spindle or 
drum. Melt a quantity of pitch and a little gutta-percha together, and 
fill in between the ring ana the drum with it while very hot. When 
this sets it will fix the ring in position. Bring out all the cleaned extremi- 



84 ELECTRIC LIGHT. 

ties of the coils, and commence by soldering the finishing or outside end 
of No. I coil to No. I copper slip ; solder also to No. i sup the inside or 
beginning end of No. 2 coil. Solder the finishing end of this coil to No. 
2 slij), and to the same slip the commencing or inside end of No. 3 coil. 
Continue thus until all the coils are connected to the copper slips, paint 
over with hot gutta-percha and pitch, and the ring with its connections is 
complete. 

Fig. 37 will render the arrangement more clear, where e e represents 
the ring upon its axis, s s the coils, F F the ends of these -joined to the 
copper slips, which lead along the drum, as the lines indicate, to D, which is 
the reduced end spoken of, with the slips having their edges flush with it. 

Fig. 33, p. 77, will render the whole still more inteUigible ; but there 
are joints shown here which are intended to represent the way in which 
Gramme mounts the ring upon its spindle. 

The actual construction of the spindle and the mounting are ordinary 
mechanical operations. The toothed driving-wheel may conveniently have 
a diameter of 10 inches, and the pinion a diameter of i J inches. The 
number of teeth is a matter of little consequence, but the pinion and wheel 
must agree as to pitch of the teeth, otherwise they will not run together. 




Fig. 38. — Contact Springs and Drum. 



It will be found best to provide a gun-metal pinion, and to drive a pin 
right through its hub ana the spindle. The height of the standards must 
be regulated accurately, to allow the 5-inch ring to revolve freely in ihe 
space s. Fig. 36. Nothing further should be done until this part is ve r>' 
exactly fixed in position. The distance between the centres of botii 
spindles must be marked off on the uprights, and will always afterwards be 
correct. The lower spindle must be so set that the ring occupies as 
nearly as possible the central portion of the cheeks^ ^, Fig. 36. 

As to the side of the machine at which the reduced or " contact '* end of 
the wood drum projects, it is of little consequence ; but it will be found 
most convenient to project it from the side opposite to the driving-wheel, 
because arrangements are to be fixed here for carrying a pair of contact 
springs for collecting the current from the copper slips, as they project ai 
i>, Fig. 37. 

When the ring is caused to revolve without the contact brushes pres- 
sing upon the slips, there can be no circuit for currents, so that no currents 
are induced in the ring by the magnet. 

Reference to Fig. 38 will render clear the manner in which the con- 
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tact springs should be arranged. One presses upon the upper side of the 
drum end, and the other on the under side of the drum. The edges of the 
radiating slips being flush with the circumference, there is not a heavy con- 
tact, but it is sufficient to collect the impulses as diey are given off. These 
currents are constantly in one direction, and in this respect resemble a fall 
of water. 

The springs represented at Fig. 38 are most conveniently made up from 
a number of stiff copper wires ; but brass wires will answer, although they 
will be burned sooner if there is much sparking. The springs should be 
adjustable, through the screws fastening them, to expose fresh surface to 
the friction when necessary ; and the thumb-screws shown serve to cause 
them to bear more or less heavily upon the axis. This part must be oiled 
occasionally. , 

From these contact springs the wires are taken to the binding-screw 
exhibited in Fig. 34. Stout covered wires should be employed to connect 
the machine to any piece of apparatus. M. Breguet supplies with the 
machine two rings, with thick and fine wire, for currents of low and high 
electro-motive forces. The currents must always be collected upon or near 
the neutral line. 



De Meritens' Machine. 

The construction of this machine provides for the 
armature a wheel, with a rim composed of segments 
of soft iron, wound as usual with wire at right angles 
to the iron segments, which are separated magneti- 
cally by strips of copper. All the segments are wound 
in one direction, but the outside end of one coil is 
joined to the outside end of the next, and the inside 
end is joined to the inside of the preceding coil. 

This ring-tire armature is made to revolve inside the 
poles of a number of permanent steel magnets, ar- 
ranged around in a circle parallel to the shaft of the 
revolving wheel. There is thus a regular succession 
of poles in the ring — N.S.N.S. 

By this arrangement of coils, and the size of the 
coils in relation to the distance between the magnets, 
as one coil is approaching a north pole the next is 
approaching a south pole. Currents in opposite direc- 
tions in these two coils are therefore produced, but by 
the mode of coupling the ends of the coils described 
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above, these currents become in the circuit in the same 
direction. The current, however, is of course reversed 
as any one magnet approaches and then recedes from 
any one pole, thus the machine produces currents 
which alternate in their direction. 

The terminations of the wheel coils are soldered to 
a pair of brass or copper rings upon, and insulated 
from, the central spindle. From these rings the 
current is taken off by copper brushes, usually com- 
posed of springy wire of large size. 

It has been found that this machine produces re- 
markably strong currents in comparison with other 
machines of the same type. Were the sections compo- 
sing the circular armature not insulated magnetically 
from each other as they are, some comparison might 
be made with the Gramme magneto machine, for the 
currents are induced under similar conditions, except 
that De Meritens employs a number of small magnets. 



CHAPTER V. 

ELECTRO-MAGNETO ELECTRIC MACHINES, 

Hitherto we have only alluded to magneto-electric 
machines in which the current was produced by re- 
volving coils of wire placed on soft iron cores, near 
fixed permanent magnets, or vice versdy revolving per- 
manent magnets near fixed coils. It will be evident, 
however, that electro-magnets excited by currents 
from some source of electricity may be substituted for 
fixed permanent magnets ; and, in fact, in 1845, Pro- 
fessor Wheatstone patented the substitution of electro- 
magnets for permanent magnets in magneto-electric 
machines for telegraphic purposes, and in 1852 
Watt, in a patent, mentions the same idea; but 
no particular use seems to have been made of these 
suggestions. 

Wilde's First Machine. 

In 1863 Mr. H. Wilde, of Manchester, took out a 
patent for a machine for obtaining electric currents in 
which a large electro-magnet was excited by means of 
a battery, or by the current firom the armature of a 
small magneto-electric machine, both machines hav- 
ing Siemens' armatures, a commutator being arranged 
on the small machine, so as to give a current in one 
direction round the electro-magnet of the large ma- 
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chine. Mr. H. Wilde constructed a large machine on 
this principle, and appears to have first brought the 
principle before the public in two papers, read at the 
Royal Society on April 26th, 1866. " i. On some 
new and paradoxical phenomena in electro-magnetic 
induction, and their relation to the principle of Con- 
servation of Physical force. 2. On a new and power- 
ful Generator of Dynamic Electricity." 

The machine described consisted ot a small mag- 
neto-electric machine, in which the magnets were 
permanent magnets, and the armature a Siemens' 
armature, standing on a large magneto machine, in 
which the magnets were electro -magnets, these 
electro-magnets being excited by the current from 
the armature of the smaller machine. The current 
irom the large armature was consequently very 
powerful. 

Fig- 39 shows an end elevation of this machine. 
M m' is the small permanent magneto machine with 
its Siemens' armature c ; r and ^ are the terminals 
connecting the commutator brushes of the small 
machine to the insulated copper bands of the large 
electro-magnet E e/ The wires z and z' show the 
external circuit connected to the contact brushes of 
the armature of the large electro-magnet. 

Mr. Wilde carried his principle further, and made 
and described a machine where the current from the 
first excited the electro-magnets of a second, and the 
current from the second excited the electro-magnets 
of a third, the diameters of the Siemens' armatures 
being respectively i^ inches, 5 inches, and 10 
inches. 

The magnets of the small magneto-electric machine 
consist of six magnets weighing i lb. each, and the 
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magnets of the lo-inch machine weighed 3 tons. The 
machine was furnished with two armatures, one for 




r^-t^. 



Fig* 39.— Wilde's Magneto-Electric Machine. 

the production of " intensity," and the other for the 
production of " quantity," effects. 
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The intensity armature was coiled with a bundle of 
thirteen No. ii copper wires 376 feet in length, and 
weighing 232 lbs. 

The quantity armature was wound with copper 
plate 67 feet long, weighing 344 lbs. 

The armatures were driven at the rate of 1,500 
revolutions per minute. 

When the large machine Was excited by the medium, 
which in its turn was excited by the smallest machine, 
enormous effects were produced, and ^ piece of iron 
15 inches in length, and ^ of an inch in diameter, was 
melted. This was with the quantity armature. With 
the intensity armature the current produced melted 7 
feet of No. 16 iron, and made a length of 21 feet red- 
hot. The intensity armature was used for the electric 
light, with gas carbon | inch square, and the light 
evolved was sufficient to cast a shadow from the 
flames from the street lamps a quarter of a mile 
distant. 

In March, 1867, Mr. Wilde exhibited a large 
machine of this description at the conversazione of 
the Royal Society at Burlington House. The electric 
light was shown in great splendour, and iron rods of 
the above dimensions were fused. 

Wilde's Armature. — ^Although the distinctive fea- 
tures of Wilde's machine lie in its magnets and ar- 
rangement, the make of Siemens' armature adopted 
by him calls for further explanation. 

Fig. 40 exhibits this construction. The metallic 
portion of the armature is shown in the end view with 
cross section lines and the wire wound upon it in three 
layers. This cast-iron body extends from A to A, and 
in its longitudinal side grooves the wire is wound. 
The length of covered copper wire wound is about 
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50 feet, and after the wire is on, a wooden packing 
serves to keep it in place and make up the circular 
form of the armature. Straps of brass encircle the 
armature at different intervals along its length ; this 
prevents the coils from being forced out- 
wards by centrifugal force. These are sunk 
in grooves made for them in the cast-iron 
body and wooden packing E. Two ends of 
brass are fitted to the ends of the arma- 
ture, and to these brass caps are made 
fast the steel axis ends C C. D is the 
puUy by which motion is given to the 
armature from a strap. 

The Commutator is of simple construc- 
tion, and is shown at B. It is composed 
of two rings or sections of copper, fitted 
upon the steel shaft C, and insulated 
from each other. Upon this commuta- 
tor or current-reverser press the contact 
springs which take off the currents. 
One-half of the commutator is connected 
to the commencing end of the coil, and 
the other to the finishing end. As soon 
as the armature begins to move, a cur- 
rent begins to be induced in it, and for 
each revolution two opposed currents are 
given rise to in its coil. If the springs 
press upon the commutator, it will be 
seen, since the latter is separated by an 
oblique cut, that the springs must ex- 
change parts at each half revolution, and 
as this exchange takes place at the moment when 
the armature reverses its current, the springs take 
off the current in one continuous direction. 
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Fig. 40.— Wilde's 
Armature. 



CHAPTER VI. 

DYNAMO-ELECTRIC MACHINES. 

The machine made by Mr. Wilde was an immense 
step in advance of all previous means of obtaining 
electricity from motive power, but a further step was 
very shortly to be made of still greater importance. 

About the end of 1866, or beginning of 1867, the 
idea of employing the current, or a portion of the cur- 
rent,* from an electro-magnetic electric machine to 
excite the electro-magnets themselves, thus dispensing 
with voltaic batteries or any primary exciting machine, 
occurred to Messrs. Varley, Siemens, and Wheat- 
stone. Messrs. Alfred and Cornelius Varley patented 
this principle in 1866. In January, 1867, Dr. Werner 
Siemens communicated this principle to the Academy 
of Science at Berlin, and in February, 1867, Dr. W. 
Siemens communicated the same to the Royal Society. 
About the same time Professor Wheatstone published 
a similar idea. But all these gentlemen were, as far 
as printed publication went, long anticipated by Soren 
Hjorth, of Copenhagen, who in 1848 had patented 
this principle very distinctly, giving drawings in his 
specifications. Specification of Patent 12,295, 1848. 

Mr. Murray also, in the Engineer of July 20, 1866, 
states that he, using only a single machine, passes the 
currents from its armatures through wires coiled 

* Constituting what is now well known as a Shunt Wound dynamo. 
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round the permanent magnets in such a direction as 
to intensify their magnetism, which in its turn reacts 
upon the armatures and intensifies the current. 

On February 14, 1867, two papers on this subject 
were read before the Royal Society. The first, re- 
ceived February 4, was " On the conversion of Dyna- 
mical into Electrical Force without the aid of Per- 
manent Magnetism," by C. W. Siemens, F.R.S. 

The author says, "An experiment has been sug- 
gested to me by my brother, Dr. Werner Siemens, of 
Berlin, which proves that permanent magnetism is 
not requisite in order to convert mechanical into 
electrical force ; and the result obtained by this ex- 
periment is remarkable, not only because it demon- 
strates this hitherto unrecognised fact, but also 
because it provides a simple means of producing very 
powerful electrical effect." After describing the 
principle of a dynamo machine, in which a single 
element of a battery was used to start the magnetism, 
he says, **The co-operation of the battery is only 
necessary for a moment of time after rotation has com- 
menced, in order to introduce the magnetic action 
which will thereupon continue to accumulate without 
its aid. The mechanical arrangement best suited for 
the production of these currents is that originally pro- 
posed by Dr. Werner Siemens in 1857 (see *Du 
Moncel sur TElectricit^,' 1862, page 248), consisting 
of a cylindrical keeper hollowed at two sides for the 
reception of insulated wire wound longitudinally, 
which is made to rotate between the poles of a series 
of permanent magnets, which latter are at present re- 
placed by electro-magnets.* On imparting rotation 

* It bein^ understood that the current from the armature is by suitable 
commutator led round the electro-magnet coils. 
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to the armature of such an arrangement, the mechani- 
cal resistance is found to increase rapidly to such an 
extent that either the driving strap commences to 
slip, or the insulated wires constituting the coils are 
heated to the extent of igniting their insulating silk 
covering. 

** It is thus possible to produce mechanically the 
most powerful electrical or calorific effects without the 
aid of steel magnets." 

The second paper, received February 14, was " On 
the Augmentation of the Power of a Magnet by the 
reaction thereon of currents induced by the Magnet 
itself," by Charles Wheatstone, F.R.S. 

The author states,* " In the present note I intend 
to show that an electro-magnet, if it possesses at the 
commencement the slightest polarity, may become a 
powerful magnet by the gradually augmenting cur- 
rents which itself originates." He then describes a 
machine the same as the electro-magnetic part of Mr. 
Wilde's machine, and then goes on to show that little 
effect is produced by temporarily exciting the electro- 
magnet if the circuits of the armature and magnet are 
separate. But if the wires of the two circuits [ix, the 
electro-magnet and armature coils) be so joined as to 
form a single circuit, in which the currents generated 
by the armature, after being changed to the same direc- 
tion, act so as to increase the existing polarity of the 
electro-magnet, very different results will be obtained. 
The force required to move the machine will be far 
greater, showing a great increase of magnetic power 
in the horse-shoe ; and the existence of an energetic 
current in the wire is shown by its action on a 
galvanometer, by its heating 4 inches of platinum 

♦ Proceedings of the Royal Sociely. 
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wire '0067 in. diameter, by its making a powerful 
electro-magnet, by its decomposing water and other 
tests. 

The principle thus brought prominently forward 
by Dr. Siemens and Professor Wheatstone, and pre- 
viously patented by Soren Hjorth and Messrs. Alfred 
and Cornelius Varley, and published by Murray, was 
soon brought to bear in the construction of an infinite 
variety of machines for obtaining electricity from 
mechanical motion without the aid of permanent 
magnets or batteries, and the name of dynamo- 
electric machine has been given to them in distinc- 
tion from magneto-electric machines, where perma- 
nent magnets are employed. Dr. Siemens' machine, 
constructed to show the principle, consisted of flat 
electro-magnets like Wilde's, with the Siemens' 
armature, only the machine was laid horizontal instead 
of vertical. 

Mr, Wilde soon adapted this principle of reaction 
to his machines, dispensing with the permanent 
magnets, but still using a small electro-magneto elec- 
tric machine, as well as a large one, the current from 
the armature of the small machine being made to 
pass round the wire of both machines to excite their 
electro-magnets. The current from the armature of 
the large electro-magnets was used alone for external 
purposes. 

As the heat is sometimes great, some of Wilde's 
machines have the central shaft hollow, and a current 
of cold water is caused to pass through it, and also 
through the tubular large electro-magnet. 

These machines have had their chief application in 
electro-metallurgy, but they have also been used for 
the production of the electric light. 
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Ladd's Dynamo-Electric Machines. 

Mr. Ladd, of London, made a machine, Fig. 41, 
which differed from Wilde's in having two flat electro- 
magnets, B, placed parallel, with Siemens' armatures, 
C C, revolving at each end of the system. The cur- 
rent from one of the armatures excited the electro- 
magnets, and the current from the other was used for 
external purposes. Mr. Ladd also constructed the 
form of machine exhibited in Fig. 42, with two arma- 




Fig. 41.— First Form of Ladd's Machine. 

tures fastened upon one shaft ; one armature is used 
to excite the electro-magnet and the other is reserved 
for outside work. 

Holmes* Dynamo-Electric Machine. 

In 1869 Professor Holmes made a dynamo-electric 
machine for the Trinity House. The machine con- 
sisted of ten electro-magnets fixed to a revolvmg 
shaft, the poles of the magnets, turned outwards from 
the shaft, passing as the shaft revolved by fixed coils. 
A part of the current from the coils was passed along 
the shaft to the coils of the electro-magnet. It was 



GRAMME'S DYNAMO. 



97 



intended for use in the South Foreland, and gave 
2,800 candle-power, but was not put into operation. 
•From this point we do not pretend to give descrip- 




Fig. 42.— Ladd's Machine. 

tions of the various machines in the order of the date 
of their invention. 

Gramme's Dynamo-Electric Machine. 

The Gramme magneto-electric machine has been 
described ; the Gramme ring armature being the 

H 
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essential feature of the arrangement- In the Gramme 
dynamo-electric machine the ring is the same in 
principle and form, but the magnets are electro- 
magnets, formed by bars magnetically joined by the 
frame of the machine, and the insulated wire on them 
is wound in such a way that the mass of metal joined 
to the centres of the bars^ or groups of bars, are the 




Fig. 43. — Small Gramme Machine. 

magnetic poles when the magnets are excited. The 
current from the coil is led through the electro-mag- 
net coils as in most dynamo-electric machines. 

Fig. 43 is a view of a complete Gramme machine of 
the smaller type. It is much used in electro-plating 
and in illuminating workshops. The illuminating 
power of the current it yields is about 2,000 candles. 
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Its weight is i cwt. 2 qrs. The armature should 
make 1,600 revolutions per minute, with an expendi- 
ture of li H. P. 

D D are electro-magnets, connected through the 
framework, and this brings the poles to the cast-iron 
cheeks which embrace the ring above apd below. 
The system composes, therefore, one electro-magnet. 




Fig. 44.— Gramme Machine : Section. 

A is the ring, c C the collecting brushes, B the 
driving pulley. The height of this machine, as 
shown, is 23 inches. Length 25 inches, width 13 
inches. 

Fig. 44 is an end sectional view of a Gramme ma- 
chine of a small size. A A' are bars of the electro- 
magnets, wound with thick copper wire. These bars 



lOO ELECTRIC LIGHT. 

form the two poles of a magnet, as they are connected 
together at their ends, through the framework of the 
machine. B b' are the pole pieces, or cheeks, which 
embrace the ring for about seven-eighths of its cir- 
cumference. The ring revolves very near to them. 
C C' are the collecting pads, brushes, or springs. 
These usually consist of a bundle of hard copper 
slips, or hard copper wires, passed through, secured 
by, and regulated as to. length through the holders 
shown. These brushes need attention about once a 
day, when the machine is in constant action. They 
must not press heavily upon the axis, but the pressure 
should be increased until most of the sparking is 
taken up. These sparks, given off by slight breaks 
in the circuit, soon bum the brushes and contact 
pieces. 

Gramme's machines of this type are now made in 
several sizes, to give from 2,000 to 16,000 candle- 
lights, with horse-power required of from i^ to 6, and 
in weight from i to 8 cwts. 

Fig. 45 illustrates one of the large machines con- 
structed by Gramme, for the production of large cur- 
rents. It has 6 bar magnets, 2 rings, and weighs 
1,540 lbs. The copper wire upon all the magnet bars 
weighs 400 lbs., and upon the ring 80 lbs. It is found 
to give an electric light of about 4,000 candles, but is 
not so well adapted for electric illumination on the 
arc principle as for the working of incandescent 
lamps. 

Two of Gramme's 16,000 candle-power machines 
were employed to bum the electric candles on the 
Thames Embankment in the early experiments in 
London in 1878-80. One of these machines burns 
20 " candles." The connections in the ring of this 
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larger machine are not made all on one side. There 
are 120 radiating slips, 60 on each side of the ring. 
These lead to two collecting cylinders, and four col- 
lecting pads press upon the cylinders to take up the 
currents. 

Work of the Gramme, — In a communication to the 




Fig. 45. — Larg^ Gramme Machine. 



Academy of Sciences, M. Tresca gives an account of 
a series of experiments which he had instituted for 
the purpose of determining the work performed by 
the dynamo-electric machines of M. Gramme. His 
experiments had reference to two machines emitting 
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light equivalent to 1,850 and 300 Carcel lamps respec- 
tively.* 

A similar series of experiments were carried out at 
the French Northern Railway depot, with Gramme 
machines of 50, 100, and 150 Carcel lamp power 
respectively. The power necessary to drive the ma- 
chine was ascertained by a comparison with engines 
driven by gas or steam, of 2, 3, or 4 horse-power, 
used either separately or coupled. Previous determi-. , 
nations, carefully ascertained, however, with a Prony 
dynamometer, had given the relative volume of gas 
consumed to the power derived (i.e, useful work), all 
the conditions remaining the same. 

The lamps employed in the experiments were of the 
Serrin type, and answered the purpose remarkably 
well. The following results were obtained. The 
horse-power is given in Force de Cheval = 0*9876 of a 
horse-power. 

Dynamo-Electric Machine of 
50- Lamp loo-Lamp 150- Lamp 
Number of revolutions of bobbin per Power. Power. Power, 

minute 1*650 800 800 

Power necessary to secure a steady light — 

With carbons 0*007 m. apart .... 2-2 ch. 2*4 ch. 2-5 ch. 
Ditto 0*009 m. apart .... ,, 2*6 ch. 27 ch. 

Consumption of carbons ^ including waste — 

With carbons 0*007 m. apart — 

At positive pole 2*2 ch. ^'°9° ™- I o*i?c m 

Ditto at negative pole ,, 0*045 m. / * 

With carbons 0*009 ™' apart— 

At positive pole „ 0*060 m. ) q.qqq 

Ditto at negative pole ,, 0*030 m. j ^^ * 

The following figures will be of interest as ex- 
hibiting the comparative cost of electric lights and 

♦ The Carcel lamp is a standard in France, consuming 648 grains of 
pure oil per hour. Its value in English standard candles is about 13, or, 
roughly, it is equal to a gas-jet consuming 4 cubic feet per hour. 



GRAMME'S DYNAMOS. 103 

gas, as ascertained through the experiments un- 
dertaken by the Northern Railway Company of 
France. 

Taking, for example, the lamp of 150 Carcel lamps, 
and allowing it to emit light for 10 consecutive hours 
in some spacious hall or railway depot, 150 Carcel 
lamps will require a consumption of 150 x 1*105 mc. 
of gas per hour, equal to 1575 m., which, at the rate 
of 0*36 fr. per cubic mfetre, would constitute an ex- 
pense of 570 frs. In the use of electricity for the 
illumination, 150 Carcel lamps require 27 ch., which, 
at the rate of 009 fr. per horse-power per hour, in- 
cluding cleaning and lubrication, the expense would 
amount to 0*24 fr. Adding to this 0*09 fr. for carbons, 
o*45 fr. for wages to the employ^, and 0*20 fr. for the 
interest and liquidation of the expense of instalment, 
the total amount would be 0*98 fr., or, in other words, 
between one-fiftieth and one-sixtieth of the expense 
involved when using gas for the illumination. 

An electric light of 150 Carcel lamps lights up ad- 
vantageously a circle of about fifty mfetres in diame- 
ter, and it is evident the illumination by electricity, 
being so much superior in intensity, ought to be more 
economical than gas, since the illumination of the 
same area requires the light of more than twenty-five 
gas jets, consuming 105 litres per hour. 

The best make of Gramme machine now produced, 
of the 6,000-candle type, is, length, i ft. 1 1 in.; breadth, 
I ft. 3 in. ; height, i ft. 8 in. ; weight, 3 cwt. i qr. 22 lb. ; 
horse-power absorbed, 2^5 ; revolutions per minute, 
850; light in standard candles, condensed beam, 
6,400 ; diffused beam, 4,000 ; light produced per horse- 
power y in standard candles, condensed beam, 2,560 ; 
difRised beam, 1,600. 
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The following are a few further particulars of these 
machines. 



Class. 


Light in 
Standard 


Horse- 


Revolu- 


i 


Extreme Dimensions. 






'S 










Candles. 


required. 


Minute. 


$ 


Length. 


Breadth. 


Height. 










cwts. 


ft. in. 


ft. in. 


ft. in. 


O 


800 


1 • 


1,600 


li 


I 6 


I 2 


I 4 


M 


2,000 


l| 


1,600 


I* 


I 6 


I 2 


I 4 


A 


6,000 


4 


900 


3 


2 4 


I 4 


I II 


"1 


tiS,ooo 

♦25,000 


1 


700 j 
1,200 J 


8 


2 5 


I 10 


2 2 


'{ 


t25,ooo 
*45,ooo 


8 
13 


3^ \ ' 20 
500/1 ^° 


3 2 


2 8 


2 8. 



t Tension. 



• Quantity. 



The intensity of light here quoted is approximately 
that given by a machine working with a Serrin lamp 
in good order. When other lamps are used, the in- 
tensity of light may diflfer from the above results. 
The figures are given as a guide only. 



Gramme's Distributor Machine. 

For the Jablochkoff candle, consisting of two car- 
bons placed parallel and insulated from one another, 
which will be described further on, alternate currents 
are required, and for this purpose, and for producing 
currents in several separate circuits M. Gramme de- 
vised a machine called the ''distributor," which is 
used in conjunction with an ordinary Gramme machine. 

The machine in external appearance resembles a 
wooden drum fixed by feet and bolts to a firm base. 

Directly inside the drum surface is a flat ring of 
iron, divided into 8 sections, and half of each section 
is coiled alternately right and left with covered wire. 
The whole outside system is therefore simply 8 flat 
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curved electro-magnets. Within this circle, project- 
ing from the axis of the machine like the spokes of a 
wheel, are 8 wide and flat electro-magnets, which are 
also wound with wire alternately right and left, their 
exterior poles being thus alternately north and south. 
This central system is caused to rotate, and into the 
coils of the magnets is passed the current from an 
ordinary Gramme generator. There is no actual con- 
nection between the revolving system and the outer 
8-section ring. The electro-magnets act as usual by 
induction upon it, and cause each section to give 
alternate currents. These sections may be subdivided 
again into right and left subsections. The subsections 
may also be wound in one direction as in the Gramme 
ring. The wires of the central rotating electro-mag- 
nets form one continuous circuit, and the current is 
simply passed into it by a pair of copper wire brushes 
pressing upon two copper rings connected to the ex- 
tremities of the circuit. The speed is from 300 to 600 
revolutions per minute, with horse-power of from 10 
to 16, and it is usual to drive both generators and dis- 
tributors from one engine. 

These machines are constructed to provide from one 
current several separate currents, each capable of 
maintaining one or more electric candles in action. 

Taking two notable examples of the application of 
this machine, it was the one used to distribute the 
main currents to Jablochkoff's candles as employed 
lately in Paris. It was the machine in use in the 
illumination of the Thames Embankment. In this 
latter instance of electric illumination, the main 
generators (of which there were two) were 16,000-candle 
power Grammes ; the current from these was passed 
into the distributing machines, which sent alternate 
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currents into 4 circuits, in each of which there were 
5 candles. 

Gramme's Combined Exciting and Dividing 
Machine. 

This is a more recent form of the Gramme apparatus. 
In it the exciting ring and " distributing " or " divid- 
ing " coils are combined and form one machine. Figs. 
46, 47, 48, and 4g represent this apparatus. 




Fig. 46. — Gramme's Combined Machine. 

The machine, a general view of which is given in 
Fig. 46, is arranged as follows : On a cast-iron founda- 
tion are fixed two plates of the same metal, almost 
circular in shape, forming the standards upon which 
the electrical parts are mounted. They are connected 
together by six square bolts, and are provided with 
bearings for the main shaft (see longitudinal section 
shown in Fig. 47). One of these plates is furnished 
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on the inner side with a circular rib, on which are 
mounted the electro-magnets for exciting the ring, as 
shown by the cross section Fig. 48. As in the model 
previously described, the coil for the alternating cur- 
rents rests on the square bolts connecting the end 
plates of the frame with packing pieces of hard wood. 
One end of the frame thus carries the electro-magnets 
of the exciter, while the central portion supports in 
position the large flat coils of the distributor, shown 
in cross section in Fig. 49. Upon the main shaft is 




F>&' 47- — Gramme's Combined Machine. 

mounted, at one end, the exciting coil, which revolves 
between the poles of the fixed electro-magnet (see 
Fig. 48). The central portion of the main shaft carries 
a hexagonal sleeve, upon which are bolted the six 
electro-magnets of the large distributing coil, shown 
in cross section in Fig. 49. The shaft thus carries at 
one end the exciting coil, and upon its central portion 
the six electro-magnets, radially arranged, which 
induce the currents in the distributing coils (see 
Fig"- 47)* Wide bearings are employed, and in the 
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larger machines a system of automatic lubrication 
is in use. 

An arm carrying a wire brush, shown in the longi- 
tudinal section, Fig. 47, serves to place in communi- 
cation the coils of the moving electro-magnets with 
the exciting ring. The current is collected and 
transmitted by small brushes of silvered copper wire. 
The brushes are worked by means of a small endless 
screw. For regulating the power of the machine, a 
copper wire, the length of which can be varied at will, 




Figs. 48 and 49. — Gramme's Combined Machine. 

is introduced between the exciter and the electro- 
magnets. The method of coiling the wire differs 
slightly from that adopted in the other machines, as, 
instead of winding only one wire, two are coiled, in 
order to obtain by this mode of coupling high E. M. F. 
currents for small lights, or low E. M. F. currents for 
large lights. Two types of this machine are now manu- 
factured. The smaller weighs 6i6 lbs., and supplies 
12 candles of from 20 to 30 Carcel burners, or 8 candles 
of from 40 to 50 Carcel burners. The larger machine 
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weighs 990 lbs., and furnishes power of 24 candles of 
20 to 30 Carcel burners, or 16 of 40 to 50. The fol- 
lowing table contains the results of some experiments 
with these machines : — 



mber of revolutions 


Horse-power 


Number of 


Power of each light 


per minute. 


expended. 


lamps. 


in Carcel burners. 


1400 


5 


12 


28-5 


1425 


6 


8 


430 
48-5 


1200 


4 


6 


1000 


13 


16 


48-0 


1020 


13 


16 


51-3 


1200 


14 


24 


31-0 



With a machine specially arranged for small lights, 
there have been obtained, with a speed of 1,250 revolu- 
tions, 14 lights of 20 Carcel burners each with an 
expenditure of 4*66 horse-power. The candles em- 
ployed had carbons 3 mm. (-12 in.) in diameter. In 
all the experiments made a much steadier light was 
obtained than that given by the machines employing 
an independent exciter. 

Drum Armatures. 

The first useful armature of this type appears to 
have been that introduced by Alteneck in 1872, and 
embodied in the Siemens' machines of this kind. 
This invention marked a great advance in the con- 
struction of dynamo machines. The drum form pre- 
sents many advantages considered electrically, but is 
mechanically difficult to construct and keep in repair. 
On the whole, for dynamos of moderate size, the 
drum form, notwithstanding its disadvantages when 
compared to ring and disc armatures, is by far the 
most suitable. 

The drum form of armature, having been used in so 
many makes of machines, will form a useful example 
for particular description. In many machines the 
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exact course of the winding adopted may vary some- 
what from that introduced in the Siemens' machines, 
and in many cases these deviations from the inven- 
tion of Alteneck may have their advantages, but 
broadly speaking the winding of this inventor's arma- 
ture will convey to the mind a very clear idea of the 
general methods adopted by others. 

Cores. — The cores of drum armatures are variously 
constructed. The chief object to be aimed at is the 
elimination of self-induction, or eddy currents in the 
iron, and the arrangement of the parts so as to secure 
circulation of the air and consequent coolness of the 
whole structure. 

These ends are not so easily accomplished as would 
at first sight appear. 

A solid cylinder of hard iron would present an ex- 
ample of the worst possible kind of core. A mere 
shell of the softest iron, built up of many layers or 
sections, magnetically insulated from each other, has 
been found by far the best arrangement. 

A very much used method of forming the core con- 
sists in building it up from a very large number of 
soft iron discs or stampings, bound together (after the 
appearance of a pile of coins), so forming a cylinder. 
The stampings are variously ventilated by being pro- 
vided with apertures of diflferent shapes, forming 
channels longitudinally of the armature. 

Again, the stampings, or discs, are variously formed 
after the manner of a toothed wheel having few teeth. 
When bound together this method produces a cylin- 
drical core having longitudinal channels, in which 
the wire coils may be buried — indeed this is a 
favourite method. In any case the discs are usually 
insulated from the central shaft. A common device 
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for binding the whole together once consisted of three 
or more bolts passing from end to end of the core 
through apertures and secured with nuts. This was 
found to diminish the output of the armature and to 
increase its heating tendencies by the production of 
useless currents. 

A later and improved arrangement consists of end 
washers and screw threads, with lock-nuts cut upon 
the axis itself. 

In some of the best machines yet constructed the 
core consists chiefly of iron wire, after the manner of 
Gramme, in forming the annular armature. A well 
tested method consists in fixing upon the shaft a pair 
of gun-metal cheeks or flanges'to form the extremities 
of the cylinder. Upon these is placed a cylinder of 
thin sheet-iron, leaving the body of the armature 
hollow, and upon the iron shell is wound compactly 
several layers of soft iron wire. 

Winding. — The methods of winding now in vogue 
are vastly more numerous than the arrangements of 
the core, and it will only be practicable to cite one or 
two leading examples. 

One of the best known schemes for disposing of the 
wire is that adopted by Alteneck. 

Let us suppose a cylindrical armature, having a 
commutator upon its axis. One extremity of the 
wire to form a coil or section is attached to No. i bar 
of the commutator. The wire is then led along 
parallel to the axis of the armature, across its further 
end (passing to one side of the shaft) and back again 
along the opposite diameter of the armature, the 
finishing end being attached to No. 2 bar of the com- 
mutator. Several turns of the wire are, of course in 
practice, made so as to form a coil of several turns 
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(usually eight) before the end is brought to the com- 
mutator in the manner described. In this method of 
winding several convolutions the wire is usually- 
passed to the right and left alternately of the shaft at 
either end, so as to equalise space occupied. A 
second coil is begun at No. 2 bar, and finishes at No. 
3 bar, and so on. One half of a coil is thus passing 
through N magnetic field while the corresponding half 
is traversing S magnetic field. But in practice, say 
for an armature having twelve sections, the second 
coil to be wound is No. 6, so that diametrically 
opposite numbers overlap each other. Thus, while 
No. 6 overlaps No. i, No. 7 will overlap No. 2. This 
precaution is taken to prevent '* sparking " or break- 
ing down of the insulation, by separating those sec- 
tions having greatest difference of potential. 

In the earlier forms of the drum armature the wind- 
ings were arranged as in Fig. 51. 

The form of conductors with which drum armatures 
are wound is not always wire. Copper ribbon and 
wire of square section are in general use, the former for 
machines of low resistance and the latter for saving 
space in the winding. But many drum armatures are 
surrounded, not by an envelope of wires but by a series 
of copper bars, as in Edison's machines, the object 
being to reduce the armature resistance to the lowest 
possible point. When bars are employed it is very 
usual to form the cross or end connections by means 
of a series of copper discs, concentric with the axis. 

To a limited extent the effect of reducing the elec- 
trical resistance of the armature can be obtained by 
different methods of grouping the coil sections, and 
this is frequently done, in the case of machines for 
electro-metallurgy especially. 
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The usual conception of a drum armature places it 
between a pair of opposed external magnetic poles, 
but the idea of making the armature a fixture and of 
causing the field magnet to revolve within it has been 
suggested by M. Cabanellos, and has, in several lately 
constructed machines, proved a most advantageous 
form of construction. The armature may, of course, 
revolve while the field magnet remains fixed. 

^ Iron cores generally form part of drum armatures, 
but are by no means an essential constituent of this 
type. Powerful armatures have been constructed of 
non-magnetic material, such as a core of wood, and 
have the great advantage of keeping cool at high 
velocities. There can be no doubt, however, that the 
use of iron greatly augments the power of the cur- 
rents, and enables a small machine to exhibit results 
greatly exceeding those obtained from armatures 
formed of conductors only. 




big, 50. — Siemens' Continuous Current Djmamo Machine. 



Siemens' Machines. 

Continuous Current Machines, — The usual form of 
the Siemens' smaller machines for the production of 
continuous currents is represented in Figs. 50, 52, 

I 
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and 53. The distinctive feature of the machine lies in 
the armature, which is a development of the original 
shuttle form of armature introduced by Dr. Siemens, 
and represented in connection with the Wilde machine. 
Siemens' improved armature consists of a hollow 
soft iron cylinder, mounted upon an axis in the direc- 
tion of its length. Every portion of the exterior 
surface of this cylinder, including its ends, is covered 
by a wire envelope several layers deep. The wire is 
arranged in sections, and connected together so as to 
throw the active sections into the circuit at the right 

moment, or at the instant 
when they become active, by 
cutting the magnetic field. 
The wire is wound on the 
armature in a peculiar man- 
ner of grouping invented by 
Hafner von Alteneck. Each 
convolution is parallel to the 
axis of the cylinder, and the 
wnre is arranged in 6 sections 
of two coils each, having 24 
extremities, which are con- 
nected up so that two of 
those ends are connected to each of the segments of 
a circular commutator having 12 divisions. The 
arrangement of the sections of the wire envelope may 
be better understood by reference to Fig. 51, which 
represents the commutator end of the armature. N 
and S represent the poles of the field-magnet, situated 
in this machine upon a vertical line passing through 
the axis of the armature. The central portion of the 
diagram is intended to show the arrangement of the 
extremities of the wire coils, c C, etc., are a series 




Fig. 51.— Diagram of Connections 
in Siemens' earlier modified 
armature. 
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of 12 copper plates arranged upon and parallel to the 
axis of an insulating cylinder called the commutator. 
Each plate is furnished with two connecting screws 
to receive the wires. The sections are so connected 
to the plate that, while the commencing end of No. i 
section is attached to No. i commutator plate, the 
finishing end of the same section is carried round to 




Fig. 52. — Siemens' Machine. 

the plate diametrically opposite, as represented. The 
same arrangement is carried out with the other sec- 
tions. It is difficult, however, to represent the 
arrangement of the wires in this armature by dia- 
grams or written description. 

The machine itself, the horizontal form of which is 
represented in Fig. 50, will be seen to consist of a 
cast-iron base-work, upon which is bolted a large 
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electro-magnet of peculiar construction. The base 
also carries bearings to receive the axis of the arma- 
ture and the driving gear. The field-magnet is com- 
posed of 14 soft iron bars, 7 of them being placed 
above, and 7 below the armature. These iron bars 
are curved to embrace a great portion of the arma- 
ture above and beneath, and are connected together 
by iron junction blocks at their ends, as represented 
in the figure. This arrangement forms the iron core 
of a large flat electro-magnet, with two central poles 




Fig. 53.— Siemens* Machine: Section. 

as before explained. It is excited by a current 
passed through 4 flat bobbins of insulated wire, 
arranged in the manner shown in the engraving. 

Fig. 52, showing a plan of the horizontal form of 
machine, will render this arrangement more intelli- 
gible. A and A represent the upper portion of the 
field-magnet, B the armature cylinder, and C the com- 
mutator from which the currents are collected. 

Fig. 53 is a cross-section of the same machine. In this 
view, only the half to the right of the diagram is in sec- 
tion, exhibiting the armature and the electro-magnet. 

Reverting to Fig. 50, it will be observed that the 
collecting ** brushes," as the commutator springs are 
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termed, are arranged in pairs at diametrically oppo- 
site sides of the commutator. 

This completes the more essential constructional 
features of the machine. The field-magnet is excited 
in two different ways, according to the kind of work 
the machine is intended to perform. In the first 
place, the wire coils are so connected together as to 
act as one continuous length of wire, and this is so 
disposed as to cause the magnetic polarity of the 
arrangement to concentrate itself above and beneath 
the armature. If the machine is intended to work in 
a circuit not subject to sudden variations of resist- 
ance, the magnet coils are made of thick wire, and 
the whole of the current evolved by the armature is 
passed through them, and thence to the exterior por- 
tion of the circuit. In this arrangement, the whole of 
the wire active in the machine is in the main circuit 
at once. This is termed series winding. 

It will be observed,* however, that if an electric 
lamp were included in the circuit, and if it be of a 
kind liable to produce great variations in the resist- 
ance, an increase of resistance would weaken the cur- 
rent, which, reacting upon the field-magnet, would 
diminish its power. In this way, great variations in 
the intensity of the light would be produced, because 
the current becomes weaker just when it should be- 
come stronger, and vice versa. 

For these reasons, the electro- magnet of the Sie- 
mens' machine is frequently made to act as a "shunt,*' 
or derived circuit from the main circuit. In this 
arrangement, the magnet is wound with much finer 
wire, and the current from the armature, after being 
collected by the " brushes," is divided into two parts, 
the one being passed through the electro- magnet 
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coils, and the other flowing in the main circuit. The 
effect of this arrangement is that, when the exterior re- 
sistance increases, a large proportion of the total cur- 
rent is caused to pass through the electro-magnet, thus 
increasing the intensity of the magnetic field and the 
power of the machine to overcome the exterior resist- 
ance; and conversely, when the exterior resistance 
diminishes, less of the current passes through the 
electro-magnet, and its power is diminished in pro- 
portion. A continuous balancing of the power of the 
magnetic field and the work done in the exterior re- 
sistance thus goes on, the power of the machine be- 
coming greater and less as it is required. These 
machines a,re called ^^sAun^ wound** machines. Another 
arrangement in which the " shunt" and " series " wind- 
ing is combined is known as " compound** winding. 

In some forms of the machine, or when several 
machines are used together to maintain a series of 
electric lamps, it is found most advantageous to ex- 
cite the electro-magnets by an independent machine 
of small size. In the action of one form of the Sie- 
mens' machine alternating currents are produced. It 
is therefore impossible to excite the magnets of the 
machine itself by means of those alternating currents. 
In such cases a small continuous current machine, 
called an exciter, driven from the same engine, is em- 
ployed. The exciter is generally of the type repre- 
sented in Fig. 54. It is essentially the same kind of 
machine as that already described, but of smaller size, 
and arranged vertically, so as to occupy as small a 
floor-space as possible. 

In one peculiar form of the large Siemens' machine 
the iron cylinder of the armature is a fixture, and the 
wire envelope revolves over it. In this case the machine 
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is provided with double sets of bearings, the outer set 
being merely supports for the central fixed shaft to 
which the stationary iron cylinder is attached, and 
the inner pair in which the axis of the wire envelope 
rotates. The wire is coiled upon a cylinder of German 
silver, to which the axis and driving-pulley, with the 
commutator, are attached. The other portions of the 
machine are the same as those already spoken of. 




Fig. 54.— Siemens* Continuous Current Exciting'Machine. 

Fig. 55 represents the fixed cylinder machine in sec- 
tion, the bearings for the fixed shaft being omitted. 

When the Siemens' machine is set in motion there 
is little resistance, but a few turns of the armature are 
sufiicient to collect in its coils, from the feeble induc- 
tion of the residual magnetism, enough electricity to 
greatly strengthen the magnetic poles, which induce 
stronger currents in the coils, and this continues, on 
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the principle of mutual accumulation, until the mag- 
net is saturated and the machine gives its strongest 
current. 

The magnetic poles act strongest upon the coils 
just as they pass the vertical line passing through the 
axis, and the weakest currents are produced as the 
coils pass the horizontal line. These are called the 
maximum and minimum points. Currents are thus 
induced as the convolutions of wire approach either 
of the magnetic poles. The currents are at once 
taken off by the collecting brushes, and pass in a 
constant direction through all the coils of the electro- 
magnet, from the two ends of which the current is 
taken from the external circuit in the usual way. All 
the wires employed are, of course, insulated, by being 
covered with cotton or silk. 

The following table contains some particulars of 
Siemens' continuous current machines (1885) : 



I'ype of 
Machine. 


Number 

of ' 

Lights. 1 


Light Power 
in Standard 
Candles of 
each Light. 


Diameter 
of Pulley 
in Inches. 


Width of 
Machine 
Strap in 
Inches. 


Number of 
Revolutions 
per Minute. 


Horse- 
power 
required, 
about — 


Doo 




50,000 


15 


9 


400 


20 


2« 




30,000 


12 


8i 


500 


15 


Di 




12,000 


10 


4 


550 


7 


D» 




6,000 


H 
4 


3i 


600 


4 


D' 




3,000 


3 


950 


3, 


D3 




2,000 


7 


3 


950 


2j 


D« 




1,300 


6 


4 


1,300 


2 


D« 




500 


5 


H 


1,200 


ij 


SD7 


3 


1,000 


IS 


3 


950 


3 


SDs 


^ 


1,000 


3J 


950 


Si 



The above speeds are for a circuit of low resistance ; for higher resis- 
tances the speed must be increased. 

Several lighthouses are now illuminated solely by 
the above machines. The smallest size would appear 
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to be in most favour, as they may be readily coupled 
together, which is often required in thick weather to 
produce a powerful light, which would be unnecessary 
in clear weather. They have been adopted by the 
Trinity Board at the Lizard lighthouse, where six of 
the small machines are fixed. Of the competitive trial 
brought about by the Trinity Board (1877-83) to de- 
termine the most economical machine for lighthouses, 
superintended by Professor Tyndall and Sir J. N. 
Douglas, engineer to the Board, it will be unneces- 
sary here to speak at length. The Siemens is known 
to have given the best results. Of the working of 




Fig. 55- — Siemens' Machine with fixed armature core : Section. 

Siemens' machines the author has had practical ex- 
perience, and can testify to their excellent perform- 
ance. The machines keep cool, which is a great 
advantage in continuous working. 

Ring and Disc Armatures. 

If an iron ring be coiled with a continuous spiral of 
insulated wire, and if it be then rotated in a magnetic 
field, a current will be set up in the insulated wire. 
The current may be " collected " by brushes bearing 
upon th^ bared wire at semi-diameters transverse to 
the magnetic field. 
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Gramme's armature is a good example of this type, 
the current being led away from a " commutator," the 
numerous plates of which are connected to the con- 
tinuous spiral by branch wires. In practice, the 
armature is constructed, first, of a core, or " ring " of 
soft iron wire, bearing a number of compactly wound 
coils, connected as a continuous spiral, each coil being 
in connection with a corresponding plate upon the 
revolving collector axis. 

If these coils be wound alternately right and left 
handed, instead of continuous currents alternating 
currents will be given off. 

The practice of constructing alternating current 
dynamos seems to be drifting largely in the direction 
of employing a field divided into two circles, as in the 
Ferranti -Thompson type (page 126), with alternate 
poles. If a ring wound as above, with alternating right 
and left hand spirals y\>% rotated in such afield, ^^^/m2^(?e^^ 
currents will result, because the polarity of the field is 
continually changing, just as the spirals are chang- 
ing. It is of course assumed that the field poles and 
the coils upon the armature are equal in number, or 
form some multiple of each other, and that the cur- 
rents are collected as in a Gramme machine. 

To obtain alternating currents in such a field, the 
coils must form a contintwus spiral. 

When only a low electromotive is required, as for 
lighting incandescent lamps in parallel, as in Edison's 
system of distribution the continuous spirals or coil 
sections are each connected alternately to the two 
collector rings rotating with the axis. When it is 
required to double the electromotive force so halving 
the current, two coils are connected together and one 
connection taken from the pair and so on around the 
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circle, or all the coils are connected in series, yield- 
ing the maximum E. M. F. 

The usual means of collecting the currents from an 
alternating machine is to arrange the coils alternately- 
right and left handedly, and to connect them in series, 
the collecting arrangement being simply two gun- 
metal rings, representing the two terminals, rotating 
with the shaft. 

When the coils are all arranged right handedly, 
then interior terminal of No. i must connect to the 
exterior terminal of No. 2, and so on — this has prac- 
tically the same effect as alternate right and left 
winding. 

The field magnet current for such machines is 
usually furnished by a separate continuous current 
dynamo, a method which has been found by far the 
best, especially for large machines. 

The currents furnished by alternating current arma- 
tures can easily be rendered continuous or uni-direc- 
tion by means of a suitable commutator. 

In addition to the method of winding the coils 
around the substance of the core, various makers have 
constructed armatures in which the coils form flat 
hanks, placed simply upon the periphery of the core. 
In other forms only a non-magnetic or wooden core is 
used, although the presence of iron has always been 
shown to greatly augment the power of the machine. 

The core should, in all cases, be so laminated or 
arranged as to render impossible the formation of 
induction currents in its substance. Thus, a solid 
iron core would heat rapidly, and lead to great waste 
of power ; while a core of iron wires, carefully insu- 
lated from each other, or one built up from stamped 
iron rings, have been found the least wasteftil. 
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Disc Armatures are now very common. They are 
usually to be found in that type of machine in which 
the field-magnets take a multiple form in the shape 
of two crowns of poles, facing each other. The disc 
armature is placed between these. The field is 
arranged so that N is opposed to S, and so on. The 
armature consists essentially of a series of coils, with 
or without cores, having their axes in line with that of 
the machine, and revolving with a disc or "spider" 
wheel fixed to the shaft. 

The coils are usually wound alternately right and 
left. In the early days of the machine, owing to the 
solid iron cores used in these coils, the heat generated 
in them was found to speedily break down the insula- 
tion. This led to lamination of the cores, and finally, 
in some of the best of such machines, as the Siemens 
and Ferranti-Thompson, to the abandonment of iron 
altogether. 

By the multiplication of such coils, and by increas- 
ing the diameter of the disc, the speed of the machine 
may be correspondingly reduced, a fact which has 
led to enormous diameters being adopted in large 
machines. 

The Siemens Alternating Current Machine. 

Dr. Siemens, in 1878, patented an alternating cur- 
rent machine, Fig. 56. It consists of a central disc 
carrying bobbins. This disc is on a shaft and re- 
volves between two sets of electro-magnets ranged in 
circles on each side of the disc, having their axis 
parallel to the shaft. The bobbins have no iron cores, 
and the heating caused by the magnetising and de- 
magnetising of the iron is thus avoided. The electro- 
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magnets are excited by a small Siemens' continuous 
current dynamo machine. 

These alternating current machines, which are made 
in a variety of sizes to maintain from 4 to 60 of Sie- 
mens' differential arc lamps, are also adapted for use 




Fig. 56. — Siemens* Alternating Current Machine. 

with Jablochkoff's candles, or with incandescent 
lamps. Their field-magnets are all excited by con- 
tinuous current machines of varying sizes ; the main 
machines absorb from 4 to 40 H.P., and the exciters 
from I J to 4 H.P. 



126 



ELECTRIC LIGHT. 



The Ferranti-Thompson Dynamo. 

This machine is the joint invention of Messrs. Fer- 
ranti and Thompson in co-operation with Sir William 
Thompson. 

Since its introduction, in 1882, it has undergone 
several modications up to the present time, but a 
brief description of the '* thousand light " machine 




Fig. 57.— Ferranti Dynamo Frame. 



will serve to give the leading points of the various 
forms and sizes. 

The machine consists essentially of two similar 
sides, each carrying 16 v-like projections of iron, 
which are in turn enveloped in layers of insulated 
wire, somewhat after the manner of Siemens' alter- 
nator. Fig. 57 will give an idea of the arrangement, 
and Fig. 58 of the coils to be slipped over the cores C. 
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When the two frames of the machine are brought 
into position upon the bed-plate opposite poles have 
opposite magnetic signs — that is, N is opposite S, and 
so on around the circle. These 
two halves provide the intense 
magnetic field required. 

But the armature is the dis- 
tinctive feature of the machine. 
It is made in the form of a thin 
star, with light leaves, Fig. 59. 
The coils are made, not from fe;M 
wire, but from strap copper, ar- FigS^Ferranti Field coiis. 
ranged in many layers, in a 
peculiar way. As originally designed, the armature 
was intended, we believe, to be formed of a single 





Fig. 59,— Ferranti Armature. 



copper band only. In its present form the armature 
is built up of three copper straps, forming as many 
circuits, but connected in parallel. Each layer is in- 
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sulated separately, 
windings upon the 
armature is about 



Fig. 60 shows the course of the 
"star." The thickness of the 
J-in., thus allowing the field- 
magnets to be brought very 
near to each other and per- 
mitting the development of 
an intense magnetic field 
(see section, Fig. 61). 

Fig. 62 will give an idea 
of the external appearance 
of the machine as built for 
ship lighting, which, how- 
ever, in the 1,000 -light 
machine has two driving pulleys, and is built for a 
speed of 1,400 revolutions per minute. 




Fig. 60. — Ferranti Armature Loop. 




Fig. 61.— Ferranti Alternator— Section. 



The "thousand light" machine has the following 
dimensions, &c. : — 

Bed-plate, 39^X16 in.; height, 34 in.; shaft, of 
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steel, 2*25 in. diam., 42 in. length ; pulleys (2), 15 in. 
diam., 12 in. face. Field- magnet cores: 7 layers 
copper wire, 3*5 mm. diam., 48 turns on each layer. 
The coils weigh 6 cwt. 3 qrs. 20 lbs., total resistance, 
7'57 ohms. Armature: each copper strap 14 ft. in 
length, and two of the three are 1*5 mm. in thickness. 




Fig. 62. — Ferranti Alternator. 

the third being 175 mm., 30 layers in all. Resist- 
ance is stated to be as low as '005 ohm ; weight com- 
plete, 3 qr. 12 lbs. 

The currents are taken off two plain rings upon the 
axis, hook-like collectors being used for that purpose. 
The field-magnets are excited by a separate conti- 
nuous-current machine. 

K 
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The power required, when Swan 20 candle-power 
lamps are used, is stated to be about 82 horse-power, 
exclusive of friction, &c. 

At the central generating station of the London 
Electric Supply Company, at Deptford, some very 
large machines, built somewhat upon these lines, and 
requiring an expenditure of some thousands of horse- 
power, are being [1889] erected. Reliable details of 
these mammoth dynamos are not yet obtainable. 

Mordey's Alternating Dynamo. 

This is a generator exhibiting some strikingly 
original features. Its peculiarities are at the same 
time as valuable as they are novel. 




Fig. 63. — Mordey Field Magnet. 

The field-magnet revolves while the armature is a 
fixture ; this is not new, but the design and construc- 
tion of the field-magnet, which is shown in Fig. 63, 
is decidedly unique. It consists of a series of curving 
horns, N S N S, facing each other, nine on each side, 
and leaving only a narrow gap between them. These 
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are of iron, and form the poles. The magnet is ex- 
cited by a current passed in a double coil, C C, around 
the central portion of the iron body. 

Unlike many other alternating current machines 
possessing divided magnets, the magnet in this case 
is of uniform polarity for each crown of poles— or one 
pole divided into nine branches, all of those upon one 
side being of south pola- 
rity, and those of the 
other side being north. 
Great simplicity of con- 
struction is thus obtained. 

The armature, Fig. 64, 
is stationary, and consists 
of a circle of V-shaped 
coils of copper ribbon -^ 
in. wide and 18 in num- 
ber, wound upon porce- 
lain insulators. Referring 
to Fig. 63, the distance 
between the polar horns 
is just sufl&cient to allow 
of the armature coils passing between them. A very 
intense magnetic field, which passes thus directly 
through each coil, is obtained, and for this reason the 
eflBciency should be very high. 

Machines of the alternator type, which are gene- 
rally furnished with armatures of ribbon in the form 
of a thin star, present great difficulties in the matter 
of giving sufficient rigidity to the armatures. At 
high speeds not only do centrifugal difficulties present 
themselves, rendering it a problem to obviate the fly- 
ing apart of the armature, but a still graver source of 
trouble has to be faced. It is well known that bodies 




Fig. 64. — Mordey Alternator, Armature. 
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like ribbon armatures, being necessarily large and 
light, with but little support, are apt to sag or sway 
from side to side, or obtain a wave-like motion at high 
velocities. This would necessarily be intensified by 
any unequal '* pull " of the field-magnets. Such arma- 
tures, too, have to bear a powerful drag from the field. 
These difficulties would be little thought of were there 
plenty of space available between the field-magnets. 
But it is just here that the parts must all but touch in 
revolving, so that, unless power be voluntarily lost by 
giving sufficient room for accidental undulation, rub- 
bing contacts of a destructive character are apt to 
occur. 

It -will at once be discerned that in the form of field- 
magnet and armature under discussion (Mordey's) 
these difficulties receive a most satisfactory solution. 
It will be comparatively easy to produce a perfectly 
rigid armature, because it is stationary, and the re- 
volving magnet is in itself quite rigid, and in addition 
is provided with a thrust-block in one of the shaft 
bearings, which renders the slightest deviation impos- 
sible, while accuracy of adjustment is quite simple. 
It may also be pointed out that the massive magnet 
forms an excellent fly-wheel to the dynamo, which 
may serve to smooth down any irregular pulsations 
from the engine. 

The machine under review, which absorbs between 
50 and 60 horse-power, and maintains 600 lamps, has 
an electromotive force of 2,000 volts, at 20 ampferes, 
makes 650 revolutions per minute, and is excited by 
a separate "Victoria^' continuous current dynamo, 
frequently mounted upon the same base and driven 
by the same axis. The diameter of the field-magnet 
is 35 in., and weight of complete machine 2 tons. It 
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is made by the Brush Electrical Engineering Com- 
pany, London. 

Lowrie-Parker Dynamo. 

These machines are of two kinds, to give alternat- 
ing or direct currents. 

The large alternator, a photograph of which is re- 
presented in Fig. 65, has a stationary armature and 




Fig' 65.— Lowrie-Parker Alternator. 



a rotating field-magnet. This consists of a soft iron 
ring, the polar pieces being separately attached. The 
field-magnet is built upon the central shaft, which is 
of steel, carried in long bearings. A separate dynamo 
is used for exciting the field-magnet. 
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The armature is built upon the interior surface of 
the drum-like frame of the machine. It consists of a 
core built up of sheets of charcoal iron, on the lami- 
nated principle, forming a plain cylindrical surface, 
The coils consist of copper tape wound in many layers 
and forming a flat, long link-shape. The ends of these 
coils are shown in the figure. The cores of the coils 
consist of an oblong piece of insulating material. 
The axis of each coil is thus radial to the circle. The 
number of coils coincides with the number of mag- 
nets. The coils are held in position by projecting 
holdfasts of wood screwed to the frame of the 
machine, and beyond the path of the magnets. 

The machines at the West Brompton lighting 
station are driven by ropes, the pulley, which is 40 
in. in diameter, having 7 grooves for this purpose, to 
receive as many i^ in. ropes. The exciting machine 
is driven off the dynamo shaft. As is usual with large 
machines the base is placed upon rails, so that the 
dynamo can be moved by means of screws for the 
purpose of making up for slack in the driving bands. 

Electrical output, 2,000 volts, 50 amperes ; speed, 
400 revs, per minute; alternations of current per 
minute, 1,200; resistances: armature, -65 ohm; 
magnets, 4-4 ohms; exciting current, maximum 28 
ampferes ; weight of machine, 8 tons. 

The large alternating dynamo is excited by the 
current from a smaller continuous current machine, as 
shown in Fig. 66, and known as the " 12-unit size."* 

The i8-unit machine, which is usually employed to 
run as many as 300 60-watt lamps, is a shunt wound 
dynamo with a drum armature, of the following 
dimensions : — 

* i.e.y 12 thousand volt-ampSres. 
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Length, 4' 11"; width, 2' 4" ; height, 3' o" ; approxi- 
mate weight, 30 cwts. ; speed, 900 revs. 

Particulars of similar machine wound for 130 volts. 




140 amperes: armature, number of wires on circum- 
ference, 120; section of conductor, '036 sq. in.; 
resistance, '021 ohm.; resistance of shunt, 26*4 
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ohms. Particulars of 5-unit machine: Compound- 
wound ;* speed, 1,200 revs.; length, 4' 4"; width, i' 10" ; 
height, 2' 4"; approximate weight, 12 cwts. ; drum 
armature. 

Maxim's Machine. 
Fig. 67 represents a dynamo-electric machine, 
patented by Mr. Hiram S. Maxim, of New York. 

It will not be difficult to trace in the arrangement 
of the parts a distinct resemblance to the Siemens' 

machine. 
ia?">"^^=. 'i;^ . The curved electro- 

magnet bars are bolted 
to a stout cast-iron 
projection from the 
base, and form, in fact, 
the framework of the 
machine. They extend 
upwards, are curved 
at the middle to pro- 
vide a cylindrical 
chamber for the arm- 
ature, and are finally 
bolted to a metallic 
plate forming the 
cfyown of the machine. 
Just above the base 
are placed a pair of flat wire bobbins, closely embrac- 
ing the electro-magnet bars, and above the curved 
central portion are fixed another similar pair of bob- 
bins. This forms the electro-magnetic system of the 
apparatus, which is very simple so far. 

Along the sides of the bars, just opposite to the 
central line horizontally, are bolted two stout side 

* See page ii8. 




Fig. 67. — Maxim's Machine. 
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frames. These carry between their ends the supports 
or bearings of the axis of rotation. 

The armature of Maxim's machine consists of a 
hollow iron cylinder enveloped by numerous convolu- 
tions of insulated wire. The arrangement is similar 
to that of the Gramme armature, the only difference 
being that the iron portion consists of a cylinder in- 
stead of a ring. The enveloping coil consists of 1 6 
helices of copper wire, each helix consisting of 4 wires, 
the extremities of which are connected to the 64 sec- 
tions of the commutator cylinder in the manner already 
described in reference to the Gramme machine. The 
collecting brushes are attached to an . adjustable 
frame, capable of movement upon the axis, and an 
arrangement is provided by means of which the 
brushes may be caused to bear at greater or less dis- 
tances from the points of maximum currents. This 
arrangement is made to serve as a regulator of the 
current by an ingenious adaptation of electro-magnets 
and adjusting levers (not represented in the engrav- 
ing), controlled by the current in the main circuit. 
Maxim's machine is chiefly used in connection with 
the same inventor's incandescent lamps. 

Wilde's Dynamo-Electric Machine. 

Mr. Wilde, in 1866, took out a patent which forms 
the basis of a dynamo-electric machine, which he 
eventually completed in its design in 1873. It con- 
sists, for the framework, of two cast-iron circular 
plates, placed vertically and kept the requisite distance 
apart by stay rods. Each plate carries, projecting 
from its inner face, a series of electro-magnets, six- 
teen in number. These fill up the greater part of the 
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space between the frames. Through the centres of 
the frames is passed the shaft, which carries a large 
cast-iron disc, rotating between the two sets of electro^ 
magnets. This cast-iron rotating disc carries sixteen 
soft iron cores, passed through the disc. The project- 
ing ends of each core are wound with wire ; thus they 
form 32 armature electro-magnets. These are con- 
nected so as to form eight groups of four each, and 




Fig. 68.— Wilde's Dynamo-Electric Machine: Front Elevation. 



the current from one of these groups is used to excite 
the circles of field electro-magnets, whilst the remain- 
ing seven groups are employed to give the current for 
external use. By an arrangement of commutators 
the currents produced can be obtained direct or 
alternating. This machine is extensively used by 
the Admiralty in the large ironclads, where it is 
driven by a Brotherhood engine connected direct to 
the shaft. 
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Figs. 68 and 69 will give some general idea of the 
arrangement of the parts in this machine. 




big. 69. — Wilde's Dynamo-Electric Machine: End Elevation. 



Weston's (Earlier Pattern) Machine. 

Fig. 70 shows the external appearance of this ap- 
paratus, and Fig. 7 1 the central arrangement of mag- 
nets. There are two sets, the inner, on the shaft, and 
the outer, fixed to the cast-iron drum. Each set is 
composed of six magnets. They are arranged in 
pairs, forming three pairs of horse-shoe magnets. The 
length is less in the inside set than in the outside set, 
which is made fast to the iron drum by screws as 
represented. These magnets are composed of malle- 
able cast-iron, and are of a shape which gives them 
great inductive strength in little space.* It will be 
observed that, with reference to the outside set of 
magnets, the cylinder or drum itself forms the mag- 
netic connecting link between them. The drum being 
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of cast-iron, of considerable hardness, permanently 
retains, as indeed do the magnets themselves, suffi- 
cient residuary magnetism to start the machine in 
action as soon as the central system is put in motion. 
After coiling, the wires are taken off in three pairs. 
Those wires from the N. poles, for example, are 
carried to one portion of the commutator, Fig. 72, 



Fig. 70.— Weston's First Machine. 

and those from the S. poles to the other portion. The 
wire is finer for the inner than for the outer set of 
magnets. 

After the currents are generated in the central set 
constituting the armature, they pass to the contact 
brushes, and from these they are at once led into the 
circuit of the outside set of magnets by the ends of 
the wire shown disconnected in Fig. 71. This can be 
done because the outside system circuit is complete, 
the wire being wound, without break, over each bob- 




WESTON'S EARLIER DYNAMO. 141 

bin in succession. One contact brush is connected to 
one end of the outer magnet circuit, and the other is 
connected to one extremity of the external resistance, 
the second end of which is connected to the remain- 
ing extremity of the magnet portion of the circuit. 
The contact brushes are shown 
at D D, Fig. 70. 

Much care is taken so to ad- 
just and turn up the faces of the 
two sets of magnets that they 
may pass each other as near 
as possible without actually 
touching. 

The polarity of the armature 

system is continually being Fig. yi.-Weston's Machine: 

changed when the machine is section. 

in motion, because the outside magnets always have 
like polarity, and by induction change the poles of the 
inner system six times in one revolution. The inner 
system should always, in these machines, be of the 
softest and finest iron, because the changes of mag- 
netic polarity are exceedingly rapid, and much heat- 
ing, with loss of current and power, must 
result in the employment of cast or hard 
iron. 

Six impulses are given off at each revo- 
lution, and as these are in alternate direc- fiTTz- 
tions, they are converted into three direct c^mutotor. 
impulses by the commutator. Because 
these currents are not constant in strength through- 
out each revolution, the speed should be high in 
employing the machine for electric light. This dynamo 
is now chiefly used for electro-deposition. 

Wesson's New Machine. — The general arrangement 
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of this machine is exhibited in Fig. 73, where A A 
represent the magnet coils. It will be observed that 
this part of the apparatus is similar to that of Siemens. 
The pole pieces, or plates, crossing the armature and 
embracing it for part of its circumference, are com- 
posed of iron plates, placed side by side in a mould, 
but separated a uniform distance from each other. 
As the plates are thus set in the mould, the iron mag- 
nets on which the wire is to be wound are cast on to 
the "lugs," or projections, on the ends of the plates. 




Fig. 73. — Weston's New Machine. 

The two cast-iron ends and uniting plates form one 
magnet ; the upper and lower magnets are alike, and 
when joined together by the perforated vertical sup- 
ports, the inner curved edges of the field-plates em- 
brace about two-thirds of the circle in which the 
armature is to revolve. 

It will be thus seen that the inventor prefers to 
employ cast-iron and malleable plate in his magnets, 
making the crossing curved prolongations only from 
boiler or other rolled plate. 

Fig- 74 represents the unwound armature, or re- 
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volving portion of the machine. It is built up of 
plates which are somewhat like a cogged wheel in 
shape. These plates are stamped out of sheet iroii, 
and when mounted on the shaft are separated from 
each other at a uniform distance. The radial pro- 
jections are then arranged in lines, so that the whole 
forms a very broad cogged wheel, or cylindrical 
structure, having longitudinal grooves with transverse 
spaces at regular distances. The longitudinal grooves 
are intended to carry the wire, and it will be observed 
from the nature of the structure that the wire lies in 
channels three sides of which are iron, so that the 
mutual effect upon each other is increased as much as 
possible. 




Fig. 74. — Weston's Armature. 

The ends of the wire are connected to the com- 
mutator in the usual way, the currents travelling in 
one direction only to the field-magnets. The com- 
mutator is fitted on a portion of the shaft which pro- 
jects beyond the bearings ; this admits of its easy 
removal and a new one being fitted in a few minutes. 

Another important feature in the construction is the 
arrangement for ventilation; the separation between 
the pole plates of the field-magnets, the perforation in 
the vertical supports of the magnets, and the light 
framework of the armature are all for this purpose. 
The air enters the centre of the armature, and is 
driven out between the layers of wire through the 
spaces formed by the separated poles of the armature 
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and field-magnets, and thus prevents any part from 
becoming unduly heated. Machines of this descrip- 
tion are made of various sizes and strengths, to give 
from one to sixteen arc lights in a single circuit. 

This armature should furnish a very good return 
for the power expended in driving it. Sheet iron is 
always hard, as rolled by the common process, and 
unless it is very carefully annealed to secure a softer 
structure, the magnetic poles of such an armature 
would not change polarity readily from N. to S., or 
the converse, in revolution. No doubt, however, the 
thinness of the various parts composing this ingenious 
armature will greatly aid its performance in practice. 

Dynamo with contact between Armature and Field 
Magnet. 

This machine is the result of an idea that a great 
gain in power would be obtained by doing away 




F>g' 75* — Contact Dynamo. 

entirely with the space necessary in other machines 
between the moving and the fixed parts. M. Trouv6 
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made the large inducing magnet actually touch the 
cores of the induction coils, and by these means 
caused the induction coils to revolve also. 

Figs. 75 and 76 represent a machine on this prin- 
ciple, where the large central drum is composed of 
an iron core and ends, wound with wire as usual. 
This drum-like electro-magnet is surrounded with a 
frame of spokes at each end, and these frames carry 
two or more bundles of long, thin induction coils, 
which revolve in bearings as shown. This motion is 
caused by friction between 
the electro-magnet and 
the small cores. All the 
cores approaching the 
large magnet on one side 
of their circle have, say, 
negative currents induced, 
and those receding from 
it positive. A commuta- 
ting arrangement is fixed 
to the axis of each bundle, 
and from this the currents 
are taken off, to be used 
separately (from each 
bundle) or in combination with those from other bun- 
dles of cores actuated by the same electro- magnet. 

This machine is, without doubt, theoretically good, 
but would appear to be a step in the wrong direction 
when regarded from a practical point of view. The 
friction of the parts is a very great objection, and 
would consume a great deal of power, with production 
of heat and much wear. The noise must also be very 
great, and the whole apparatus complicated, and in 
large size necessarily costly. 

L 




Fig. 76. — Contact Dynamo. 
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Lontin's Machine. 

The machines identified with the name of M. Lontin 
are intended to produce currents in a number of 
circuits from one source. They consist of a generating 
or exciting and a distributing machine. 

Fig. 77 will give some idea of one of Lontin's first 
exciting machines, in which several bobbins are 
arranged on a cylinder and revolve between the 
poles of the fixed electro-magnets. A commutator 
is arranged so as to give continuous currents. 




FJg. 77' — Lontin's Exciting Machine. 

The dividing or distributing machine is composed 
of a series of electro-magnets, M M, Fig. 78, radiating 
from a shaft or drum. These electro-magnets are 
excited by the continuous current from the machine 
above described, and cause in their rotation induced 
currents to flow in the coils wound over the soft iron 
blocks or cores B B, the circuits being taken firom the 
bobbins B B direct ; and those bobbins may be joined 
in pairs or otherwise, as may best suit the outside 
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resistance to be worked through. The machine is 




Fig. 78.— Lontin's Distributing Machine. 

provided with a key-board, upon which are fixed the 
binding - screws and 
switches, to cause the 
currents to be sub- 
divided to a number of 
lights. This machine, 
it will be seen, gives- 
alternating currents. 

If there are as many 
as 10 induction bob- 
bins fixed to the out- 
side frame F F, there 
will be a possibility of 
producing 10 lights in as many circuits ; or, all those 




Fig. 79. — Lontin's Exciting Machine. 



148 



ELECTRIC UGHT. 




Vig. 8ob— Lontm's Exciting Machine : Plan. 



bobbins may be combined to produce one large 
light, or any number up to lo as may be required. 

In this respect the 
Lontin machine is of 
much value. It is, in 
fact, a distributing 
machine. 

In the later machines 
of this maker the ex- 
citing machines have 
a number of bobbins 
upon a drum arranged 
in diagonal lines, as 
shown in Figs. 79 and 
80, revolving between 
the fixed electro-mag- 
nets. By this arrange- 
ment the current is maintained more uniform in its 
strength. 

Brush's Machine. 

Although the Brush armature presents points of 
construction similar to those of Gramme's armature, 
the real difference between the two is greater than at 
first appears. Brush's ring differs from Grramme's in 
the arrangement and disposition of the wire helices 
enveloping it as well as in the method adopted in 
connecting the coils together. In Gramme's arma- 
ture, as we have observed, the coils are arranged 
contiguously to one another, so as to completely enve- 
lope the ring, and the different sections are connected 
together so as to form an endless helix wound upon 
every part of the ring. In the Brush armature the 
individual coils are separated from one another by a 
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section of the iron ring as wide as each of the coils 
themselves. The sectional area of the ring between 
the coils is also much wider than in that portion 
enveloped by the coil. This will be rendered clear 
by the view given of a portion of the ring in Fig. 81. 
The sunk portions are intended to receive the coils, 
which fill them up to the level of the projecting 
sections. In the revolution of the armature between 
the poles of the field-magnets, the coils alternate 
with the masses of iron, which, from their enlarged 
section, are brought into 
as close proximity to the 
field-magnets as the coils 
are themselves. 

Reverting to Fig. 81, it 
will be observed that not 
only is the periphery of 
the ring deeply grooved, 
but that the projections 
from its sides are sepa- 
rated into several portions 
by channels. The main 
object of this is twofold : 
it is first intended to allow of the circulation of air, 
and so maintain an even temperature in the ring, 
which, by rapid magnetic reversals, is very apt to 
become heated ; and secondly, to prevent the develop- 
ment of induction, electric, or magnetic currents 
in portions of the ring itself, and thus allowing of 
the concentration of the inductive ejBFect in the coils 
themselves. In the Brush i6-light machine the arma- 
ture is 20 inches in diameter, and is wound with 8 
radial coils of cotton-covered copper wire of the size 
known as No. 14 ('083 inch) by the B. W. G. These 




Fig. 81.— Section of Brush's Armature. 
Earlier (solid) type. 
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coils are distributed round the ring at equal angular 

distances apart of 45 deg. Each coil consists of 

about 900 feet of 
wire, weighing a- 
bout 20 pounds. 
All the coils are 
wound in the same 
direction upon the 
ring. The two sides 
of each of the 
coil-chambers, and 
therefore of each 
of the coils, are 
parallel to the ra- 
dial plane of the 
coil, by which 
means the difficul- 
ty of coiling wire 
in a tapering cham- 
ber is avoided. Fig. 
82, which is not 
drawn in strict pro- 
portion, exhibits 

the " solid " form of the ring with the 8 coils in their 

respective positions. 




Fig. 82. — Brush's Armature (solid type). 



Brush Laminated Armature. 

The improved armature with which the Brush ma- 
chine has been supplied, since 1884, differs in material 
and constructional detail more than in shape or 
design from the earlier form here illustrated. 

An iron "foundation" disc, mounted upon the 
shaft, is first provided. Upon this is built up, by a 
process of winding, the armature itself. The body of 
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it really consists of a close volute spiral of soft iron 
strip. Separating the successive convolutions of the 
iron spiral are H -shaped pieces of sheet iron of the 
thickness of the ribbon. The projecting ends of those 
separating pieces form the extensions of the armature 
that separate the coils and pass close to the field- 
magnets. These projecting portions, or "teeth," are 
to be found in many forms of armature, and are usually 
styled "Pacinotti projections" after the inventor who 
first used them in his armature (p. 71). 

The " pockets " or coil-chambers are the spaces be- 
tween the "Pacinotti projections," and, as in the old 
pattern of armature, are arranged so as to be parallel 
to the radial plane of the coil — that is, the spaces are 
rectangular and not V-shaped. As the building up 
of the ring proceeds radial bolts passing through the 
foundation ring and all the successive layers of the 
armature, with the separating pieces, are passed 
through, binding all securely together. 

Very effective ventilation of the armature is thus 
secured. But the almost complete elimination of 
" eddy " currents, which were a source of loss and 
heating in the old armature, is a far more important 
matter. It is being recognised that a cool armature 
does not necessarily imply an efficient one. The 
armature may be well exposed to the air, and the 
heat got rid of in this way, but it is better to so build 
the structure as to render the eddy currents impos- 
sible. In the thinnest pieces of iron, however, and 
under the most perfect conditions of lamination and 
subdivision possible, a certain amount of heat must 
be developed, as ^due to rapid magnetic changes or 
reversals. 

An enormous gain has been secured by the above 
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method of constructing Brush's armature, generally 
speaking it may be reckoned at 50 per cent. Thus, 
the " sixteen-light " machine (with the old armature) 
will, when fitted with the new, give 25 lights, 
or, otherwise expressed, the new armature will be 
equal to the old armature, with a decrease of speed of 
34 per cent., coupled with a decrease of power ab- 
sorbed of 20 per cent. The larger machine, which 
formerly supplied 40 lamps, now yields, with the new 
armature, an output maintaining 65 lamps. "Lamps" 
refers to powerful arcs. 

The connections of these machines are in some 
special cases different from those depicted in the cuts. 
These variations from the regular methods are always 
made to suit some abnormal condition of the exterior 
portion of the circuit. For example, in the Brush 
machines used for electro-deposition it was found 
practically impossible to maintain a constant potential 
under varying conditions of load. A method of shunt 
winding in combination with the series windings was 
therefore adopted with complete success. It would 
appear that the Brush machines were thus "compound- 
wound " for electro- metallurgic purposes long before 
the same principle was so extensively used in the 
various methods of parallel electric lighting. 

An efficient automatic regulator, with a new kind 
of relay, devised by Mr. Geipel, of the Brush Com- 
pany, is in successful use with the electric light 
machines. See also p. 187. 

The usual method followed in connecting up the 
coils is as follows : — The inner extremity of each of 
the coils is connected to the inner end of the diame- 
trically opposite coil upon the ring. Thus, if we call 
the first coil No. i, its inner extremity would be con- 
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nected to that of coil No. 5. In the same manner the 
inner end of No. 2 would be joined to No. 6, and so 
on round the ring. All the outer extremities of the 
coils remaining unconnected are insulated from each 
other and carried to the commutator which rotates 
with the shaft through a channel provided in the 
latter. The two free extremities of diametrically 
opposite helices are connected respectively to two 
diametrically opposite sections of the commutator. 
This portion of the machine, forming the surface 
from which the currents are collected in a uniform 
direction, is of peculiar construction. It consists 
essentially of two similar parts, insulated from each 
other and from the axis of rotation; 
each part consists of two flat cylinders 
of copper. The total number of por- 
tions is 4, and corresponds with the 
number of pairs of coils upon the arma- 
ture. Each of these portions consists p. ^g^^_^^io^ 
of two segments, insulated from each °^ ^^"utafor."'"'' 
other, and separated by a segment of 
copper, as represented in the diagram (Fig. 83), where 
A and B are the contact segments, and c the sepa- 
rating segment referred to. This neutral segment, 
as we may regard it, is inserted for the purpose of 
throwing each pair of diametrically opposite helices 
out of the circuit during that period of their revo- 
lution when they are inactive, or for 25 per cent, of 
the revolution. By these means the inactive pairs 
of coils are kept out of the circuit, which not only 
permits of the development of larger currents in the 
remaining coils, and reduces the resistance of the 
machine, but is believed to aid in a great measure in 
preventing the development of heat in the helices. 
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As will be observed in the general perspective view 
of the machine, given in Fig. 84, which is from a 
photograph of the 25-light machine, the disposition 
of the field-magnets is altogether dijBFerent from that 
adopted by M. Gramme. The 4 flat exciting coils, 
A A, envelope cores of iron furnished with extended 
polar pieces, which altogether embrace a large pro- 
portion of the active surface of the armature. The 
magnetic system may be regarded as two electro- 
magnets, with similar poles opposite, and excited by a 




Fig. 85. — Diagram of Brush's Machine. 

current passed through the coils, which are connected 
up so as to form one circuit. 

In Fig. 85 the position and relationship of the field- 
magnets and armature will be rendered still more 
intelligible. In this view M M represent the soft iron 
cores of the electro-magnets, and N S their extended 
poles. The portions of the framework of the machine 
connecting the two cores of each magnet are of iron, 
and we have, therefore, a pair of what is familiarly 
known as horse-shoe electro-magnets. The arrange- 
ment of the wire represents the course of the current 
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around each of the cores. It will be particularly- 
observed that one of the extremities of the wire coils 
is connected with the collecting " comb " B^ and the 
other with B^. By these means the currents from a 
certain number of the helices of the armature are 

made to flow round 
the field-magnet coils, 
and those from the re- 
maining helices are 
utilised for external 
purposes. In the ma- 
chine itself the collect- 
ing ** combs " B B are 
adjustable in relation 
to the line of maxi- 
mum current upon the 
commutator. 

The Figs. 86 and 87 
show a plan and end 
elevation of the ma- 
chine. The disposition 
of the polar extensions 
of the field-magnets 
is represented at nSy 
s^ n" (Fig. 86), a a> 
being the exciting 
helices of the magnets; 
bb^ represent the two 
parts of the commu- 
tator and its arrangement upon the free extremity 
of the shaft. 

The total resistance of the 1 6-light machine is from 
10 to II ohms; of this the field-magnet helices con- 
tribute 0*625 ohm each, and the armature helices 
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Fig. 86.— Plan of Brush's Machine. 
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about I "5 ohm each, 6 of which are in circuit at the 
same time. The brush or commutator contacts 




Fig. 87.— End Elevation. 

increase the resistance of the machine while in 
action. 

Edison's Machine. 

A general view of the first type of this machine is 
given in Fig. 88. In a large machine of the same 
kind the arrangement of the field-magnet is horizontal, 
but the leading features of the apparatus remain the 
same. It consists essentially of a powerful electro- 
magnet with two limbs, M M, connected together 
magnetically by the soft iron yoke-piece, Y, and 
terminating in the two massive cast-iron polar ex- 
tensions, n S. These are insulated magnetically 
from the massive base-plate, F, F, which is of cast- 
iron. 

The distinctive features of the apparatus lie in its 
armature, a, which is mounted upon a shaft working 
in bearings, B B. It is difficult to render the con- 
struction of this armature clear by means of a diagram. 
It consists, Fig. 89, of a core of iron, composed of a 
large number of soft iron discs, d dy insulated mag- 
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netically from each other and from the axle, s s. 




Fig. 88.— Edison's earlier Machine. 

These discs are bolted together, and form essentially 
a solid mass of soft iron rotating with the shaft. So 
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far the construction is quite simple. In order to 
comprehend the arrangement of the other portions 
of the armature, the reader m^y conceive a solid iron 
cylinder, having coiled upon it, longitudinally, a com- 
plete envelope of thick copper wires, wound, not only 
along its sides, but over both of its ends. We may 
imagine connections from each of these convolutions 
to be connected to the collectors of a commutator, 
and this conception will give a good idea of the arma- 
ture in Edison's machine. We may indeed carry the 
conception even further, and compare Edison's arma- 
ture with that of Siemens, in which wires are coiled 
in sets around the exterior of an iron cylinder. But 




Fig. 89. — Diagpram of Edison's Armature. 



in Edison's armature thick copper bars are em- 
ployed, two of which are represented at r r in the 
diagram. A considerable number of these bars is 
arranged parallel to the axis of the core, and we 
may regard them as representing, essentially, the 
parallel wires of Siemens' armature. The lines k and k 
represent two of a series of copper discs, insulated 
from each other and from the shaft. The spaces filled 
with transverse dotted lines are occupied by these 
copper discs. Each disc has two extensions, or " lugs," 
at opposite diameters, to receive the ends of the copper 
bars. The real function of these plates is to form 
connections between each pair of diametrically oppo- 
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site parallel copper bars, and the effect of the whole 
arrangement is to enclose the iron core in an envelope 
of metallic conductors of exceedingly low resistance. 
At the end of the armature next to c j\ each of the 
copper discs has extended from its central portion a 
copper " tongue," or junction, in the direction of the 
commutator, c j\ and parallel to the axis. These 
copper tongues are made to slip into the longitudinal 
channels of the commutator, and therefore serve as 
the commutator plates or contacts, each tongue, /, 
having its proper groove. It is almost needless to 
mention that all portions of the armature are carefully 
insulated and that each convolution forms a circuit in 
itself ; for this purpose talc and other thin insulating 
substances are employed. The completed armature 
is enveloped in a covering of paraffined canvas or 
other suitable material, in order to exclude dust, 
which would otherwise clog up and short-circuit the 
spaces between the copper bars and discs. When 
the armature is of large diameter, it is protected from 
the effects of centrifugal force by a winding of fine 
steel wire. 

The field-magnet of the machine is excited by a 
portion of the main currents being shunted into it. 
For this reason the coils upon its limbs are of com- 
paratively high resistance. The balancing of current 
to work takes place in this machine in the same 
manner as has been explained in reference to Siemens' 
machines. The electromotive force of the machine is 
about no volts. 

The large machine lately employed in the incan- 
descent electric lighting of Holborn Viaduct, London, 
was combined upon one massive cast-iron base, with 
a Porter-Allen high-speed engine connected to the 
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armature shaft direct, the whole weighing 22 tons. 
The field-magnet was composed of two separate sets 
of limbs attached to heavy cast-iron polar pieces. 
The coils surrounding the limbs of this magnet are 
connected together in two series, each of which pre- 
sents a resistance of 12 ohms. The two series are 
connected in parallel circuit, so that their resistance 
together, being half that of one of them singly, is re- 
duced to 6 ohms. The gauge of wire employed is 
Brown and Sharpens No. 10. 

The armature is built upon a steel shaft 6 inches in 
diameter. Over a core of soft iron discs is arranged 
the system of copper bars, 106 in number, of an 
average length of 52 inches, and i inch in thickness. 
These are connected together by means of 53 copper 
discs, each 26^ inches in diameter, after the manner 
previously explained. The parts of the armature are 
insulated by means of ebonite and mica. Every 
alternate rod in the armature is connected by a radial 
copper bar with the contact blocks of the commutator, 
of which there are 53 . The commutator cylinder is 1 2f 
inches in diameter. The resistance of the armature 
from brush to brush is only -0049 of an ohm. The 
iield-magnet is excited by a portion of the current on 
the shunt principle before spoken of. The Porter- 
Allen engine is of 40 nominal H.P., with cylinders 
II by 16 in., the steam being cut off at about half- 
stroke. The speed is 350 revolutions per minute, and 
the indicated H.P. is about 125. This great machine 
is capable of maintaining 1,000 of the Edison incan- 
descent lamps, each of 16-candle power. The appa- 
ratus, as employed at Holbom Viaduct, yielded an 
illuminating effect of 128 candles per H.P. In the 
several installations of the Edison system in New 

M 
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York, 1 2 of these great machines are used, developing 
similar effects. 

The current evolved by the armature of the Edison 
machines is controlled by means of resistances in- 
serted in or withdrawn from the exterior portion of 
the field-magnet circuit. These generally consist of 
copper or iron wires, coiled around frames, with 
arrangements for including a greater or less length 
of wire in the circuit, as required by the circumstances 
of each case. 

Edison-Hopkinson Dynamo.* 

Dr. John Hopkinson has considerably modified the 
original Edison machine. The result has been a 
remarkable increase in the efiiciency and a diminu- 
tion of size, power for power. 

The improved machine as now constructed by 
Messrs. Mather and Piatt, of Manchester, is repre- 
sented in Fig. 90, which exhibits a bar-armature dy- 
namo for 440 revs., 50 volts, 1,000 ampferes. Height 
68^ ins., length (axial) 69 ins.; weight, gross, 108 
cwt. The limbs of the field-magnet have been con- 
siderably shortened, and their diameter increased, 
as compared with the earlier Edison machine. Dr. 
Hopkinson also introduced the improvement of wind- 
ing the magnet with a wire of square section, so 
economising space. A very full account of the ma- 
chine is given in a paper by Drs. J. and E. Hopkin- 
son.t The information furnished refers to a dynamo 
intended for an output of 320 amps, at 105 volts, at 
750 revs. The field-magnet limbs are of rectangular 

♦ The machine geaerally known as the '^Edison-Hopkinson Dynamo'* 
has field-magnet limbs of rectangular shape. 

t Seie Philosophical Transactions of the Royal Society^ Part I., 1886. 
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section and are formed solid of forged soft iron. The 
bed-plate is of cast-iron, with a footstejp of 3 in. 
127 cm. in thickness for the reception of the field- 




Fig. 90. — Edison Dynamo — Improved Type. 

magnet. *The armature core is built up of 1,000 discs 
of annealed iron, magnetically insulated by discs of 
paper. The following are the dimensions : — 
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Diameter of armature core, 25*4 cm., of shaft hole, 7*62 cm., of shaft, 
6*98 cm.; length of core, 50*8 cm., of field-magnet limb, 457 cm.; 
breadth, 22*1 cm.; width (parallel to shaft), 44*45 cm.; length of yoke, 
616 cm. ; width, 48'3 cm. ; depth, 23*2 cm. ; diameter of bore of field- 
magnet, 27-5 cm. ; depth of pole piece, 25-4 cm. ; width (parallel to 
shaft), 48*3 cm. ; width between pole pieces, I2'7 cm. ; area of section 
of iron in armature core, 810 sq. cm. ; angle subtended by bored face 
of pole pieces, 129®; actual area of pole pieces, 1513 sq. cm.; effective 
area, 1.600 sq. cm. ; thickness of gap space, 1*5 cm. ; area of section of 
limbs, 980 sq. cm., of yoke, 1120 sq. cm. 

The machine is wound as follows : — Field-magnet 
coils, II layers on each limb, copper wire 2*413 m.m. 
diameter. Number of convolutions 3,260 ; total 
length, 4,570 metres. The armature is either built up 
of copper bars, as represented, or wound with stranded 
conductors. In the size of machine to which the 
foregoing dimensions refer the armature is wire- wound, 
as follows : — 20 convolutions in two layers, forming 
40 convolutions. The strands are made up of 16 
copper wires 1753 m.m. diameter. Resistance of 
field-magnet (at 13-5° C), 16*93 ohms ; ditto of arma- 
ture 0*0009947 ohm. Magnetising current, 6 ampferes. 
Commutator, 40 sections of copper, insulated with 
mica. 

As shown in the engraving, the connections from 
the wire strands or copper bars (the latter are shown) 
are carried to the rear (in the direction of rotation) to 
a point about Ss"*, in order to bring the neutral points 
to convenient positions. 

The most characteristic feature of the Edison-Hop- 
kinson dynamo, and that which distinguishes it 
especially from its predecessors of the same type, viz. 
the Siemens and Edison dynamo, is the great intensity 
of the magnetic field and the lowness of the armature 
resistance. It is these characteristics which contribute 
most largely to secure its high efficiency, but they also 
have the incidental advantage of making the machine 
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almost self-regulating without the device commonly 
known as compound winding. This property of self- 
regulating will allow the load to be raised within 
considerable limits without materially affecting the 
electromotive force of the machine, so that the lamps 
maintain the same brightness, even though their 
number be largely varied. If, however, absolute self- 
regulation be essential, so that the potential shall not 
vary as the load is increased from zero up to its maxi- 
mum value, then the machine can be compound wound 
with every advantage. 

The commutator brushes in the Edison-Hopkinson 
machines are invariably arranged in sections, from 
two %o five, so that any one can be removed and 
trimmed without disturbing the circuit. The neutral 
points and the position of the brushes are so arranged 
that sparking at the commutator is entirely obviated. 
The commercial efficiency of the latest machines of 
this type is very high, probably as great as 93 per 
cent. 

The Wallace-Farmer Machine. 

Fig. 91 represents this machine. It is of American 
manufacture, and has been much spoken of as that 
formerly employed by Mr. Edison, in his first electric- 
light experiments. 

The inducing magnets are flat in shape, and are 
two in number, attached to the frame. This machine 
is in reality only an extension of the principle upon 
which Clark arranged his two-bobbin armature. 

Instead of the armature being a straight bar, 
carrying a pair of bobbins and cores before the 
magnet poles, two iron discs about an inch apart 
are employed, studded all round with bobbins and 
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cores, one set to each disc. The poles of the in- 
ducing electro-magnet are thus as far apart from 
each other as the diameter of the bobbin wheel, or 
nearly so. There are four collecting brushes and 
two commutators upon the axis where the currents 
are taken off. The bobbins may be coupled up for 
tension or quantity. The shaft is carried through, 
and runs in bearings in the side uprights. Each of 
the discs may be driven separately, by means of one 




Fig. 91. — Wallace-Fanner Machine. 



of two pulleys, B B^ or they may be coupled together, 
to be driven from one of the pulleys. 

The electric impulses given off by each bobbin are 
of necessity of very short duration, but as the speed 
is high, these combine to give rise to a continuous 
current. The construction presents a large surface 
to the cooling effects of the air, but this also introduces 
a disadvantage, as the various parts act as a fan, 
which causes the air to act an appreciable part in 
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consuming the driving power necessary. The high 
speed — 800 per minute — causes the armature wheel 
to give out a humming sound when in motion, proving 
the fan-like action of the bobbins. 

Variously different arrangements of the magnets, 
connections, and commutators may be made in this 
machine. The practice, however, is to oppose to each 
other the poles of the magnets, so that the poles of 
the bobbin cores change polarity during every half- 
revolution. The wires are connected up so as to pass 
the currents from the coils, after they have been com- 
muted to one direction, through the inducing magnets, 
as in other forms of dynamo-electric machines. The 
collecting points are arranged similarly to those in 
Gramme's machine, the wires being connected to 
metallic sectors insulated from each other. Appended 
are some useful particulars of the wires employed and 
the work done. 





Copper Wire on Armature. 


Copper Wire < 


>n Magnets. 


Large Wallace . 
Small „ 


0*42 in. 
0-43 n 


50 lbs. 
19 n 


•114 in. 
•096 „ 


125 lbs. 

41 » 



Work. — The weight of the large Wallace machine 
is 600 lbs., of the smaller size 350 lbs. The armatures 
or bobbin wheels revolve, 800 revolutions in the large 
per minute, and 1,000 revolutions in the small ma- 
chine. The horse-power required is, for the large 4^, 
and 3J for the small machine. The illuminating^ 
power, in standard candles, is, for the large machine, 
823, and for the small, 440. Or, per horse-power, 1 13 
for the smaller machine, that given by the large ma- 
chine not having been determined. 
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Figures concerning the consumption of carbon by 
these machines were given by the committee appointed 
by the Franklin Institute to test them, particulars of 
which will be found in the tables relating to the out- 
put of machines given further on. The diameter of 
carbon rods used for the larger machine was | in., 
and I in. for the smaller. 

The Biirgin Machine. 

The field-magnet of this machine is arranged in the 
same way as that of Siemens' continuous current 
machine. 

In the space occupied by the Siemens armature is 
placed an armature composed of several circles of soft 
iron wire or tape wound with several helices of in- 
sulated wire, forming in all (in the 3-light machine) 
48 coils, each composed of wire -065 inch in diameter, 
and 48 feet in length. The weight of the wire is 
25 lbs. The soft iron core of each of the rings forming 
the armature system, is supported by arms radiating 
from the shaft. The coils are connected together to 
form an endless helix, as in Gramme's ring, and 
junctions are taken from the connection points to the 
commutator plates, of which there are as many as 
there are junctions or coils. The electro-magnet 
carries four flat coils of wire, each 750 feet in length, 
and having a total weight of 140 lbs. The resistance 
of the armature is i-6 ohm; of the magnet, I'z ohm, 
giving a total resistance between the terminals (when 
the machine is so wound that all the current flows 
around the magnet) of 2'S ohms. The electro-motive 
force developed by the machine at its normal speed 
(1,500 revs.) is 195 volts, and when the speed is in- 
creased to 1,600 revs., 206-5 volts, through a resis- 
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tance, in both cases, of 13* 16 ohms. The velocity of 
the mean diameter of the armature coils through the 
magnetic field is, at 1,500 revs., 2,550 feet per minute. 
The greatest current the machine can develop with 
safety is about 25 ampferes. The electro-motive force 
is found to vary directly with the speed between 1,000 
revs, and 1,700 revs. 

The total length of the machine over shaft is 2 feet 
10 inches ; height to terminals, i foot 1-5 inch ; width, 
2 feet 4 inches ; weight, about 6*5 cwt. 

Some interesting experiments were made with the 
Biirgin machine by Messrs. Crompton and Co., at 
King's Cross Station, in July, 1881. It was found 
that, with the machine running at 1,480 revs, per 
minute, with 3 arc lamps in circuit, a current of 16 
amperes was evolved at the expense of i'49 H.P. per 
lamp. With improved arrangements later on, the 
machine gave, with 1,140 revs., a current of 14*8 am- 
peres, at 1*37 H.P. absorbed per lamp. It was found, 
by means of balancing by iron wire, and measuring 
that by Wheatstone's Bridge, that with three lamps 
in circuit, the resistance was 9*36 ohms. Carry's 
carbons of 13 millimetres diameter were used. The 
total resistance was 13*26 ohms, namely, that of lamps 
9*36 ohms, leading wires i*i ohm, machine 2*8 ohm. 
Deducting 1*5 ohm as the resistance of each lamp 
(carbons, connections, etc.) the resistance offered by 
the voltaic arcs was 876 ohms, or about 65 per cent, 
of the whole. Therefore, about 65 per cent, of the 
horse-power appeared in the arc as light. 

Dynamo with Spherical Armature. 

Professors Thomson and Houston, of Philadelphia, 
have introduced a most unique and efficient form of 
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dynamo. Its most striking feature lies in the shape of 
the armature, and the corresponding form of the field- 
magnets. The exterior of the armature is a slightly 
elongated sphere — in the direction of its axis. The 
field-magnets form cup-like recesses into which the 
armature fits very accurately. 

In this way a greatly extended active surface can be 
secured for inductive work, and the speed of the ma- 
chine may be correspondingly reduced. 

The wire system upon the armature is divided into 
sixteen sections, wound upon every portion of its 
active surface, and connected in a peculiar way. 
The field-magnets are compound wound — that is, are 
both series, of low resistance, and shunt of high resis- 
tance. A peculiar feature in connection with the 
commutator is an arrangement intended to regulate the 
output to the work doing, by a means of changing the 
position of the collectors. Another unique device is a 
self-acting blower, which delivers a "pufF" of air 
under the brushes so as to secure the extinction of 
any sparking that may take place there. 

Notes of some of the more important Dynamo Patents^ 6r*^. — Gramme's 
machine, Nos. 1668, of 1870, and 953, of 1878; Alteneck (Siemens dy- 
namo), No. 2006, of 1873 ; Brush dynamo, No. 2003, of 1878 ; Thomson- 
Houston, No. 315, of 1880; Weston, Nos. 4280, of 1876, and 2194, of 
1882 ; Edison, Nos. 4226, of 1878, 2402, of 1879, 1240 and 2954, o^ 1881, 
and 2052, of 1882 ; Hopkinson, No. 973, of 1883 ; Wilde, No. 1228, of 
1878 ; Westinghouse, Nos. 9725 and 9727, of 1887 ; Ferranti, Nos. 3702, 
of 1883, and 702, of 1887 ; Mordey, No. 8262, of 1887. 

Important Papers relating to the Theory of the Dynamo, — CUrk-Maz- 
well, Proc. Roy. Soc, March 14, 1867 ; Hopkinson, Proc. Inst. Mech. 
Engineers, 238, 1879, and 266, 1880 ; Clausius, Phil. Mag. xvii, 49 and 
119, 1884; Hopkinson, J. and E., PhU. Trans, i. 331, 1886; Sir W. 
Thomson, Journal de Physique, ii. 240, 1887 ; Kapp, Joum. Soc. Tele. 
Engineers, xv. 518, 1887; A)n-ton and Perry, Electrician^ xx. 555 ; Prof. 
S. P. Thomson, Electrician^ xxi. 43 ; Jamison, Electrician^ xxi. 487, 515. 



CHAPTER VII. 
GENERAL OBSERVATIONS ON MACHINES. 

Size and Capacity of Dynamo. 

A GOOD deal of controversy has of late taken place 
upon the relation that is supposed to subsist between 
the linear dimensions of dynamos of similar design 
but of different sizes, and their capacity and efficiency. 

According to Dr. Hopkinson,* the capacity of 
similar dynamos is proportional to the cube of their 
linear dimensions : the work wasted in magnetising 
the field magnets proportional to the linear dimen- 
sions ; whilst the work wasted in heat in the armature 
is proportional to the square of the linear dimensions. 

Mr. Kapp t assumes the speed of rotation to vary 
inversely as the linear dimensions, so as to put all 
machines under equal conditions with reference to 
centrifugal strain. Under those conditions it is as- 
sumed that the relative output should vary as in the 
following table, which gives the leading particulars 
of two dynamos of different sizes. 

Diameter of armature . 
Revolutions per minute 
Number of glow lamps 
Weight (cwts.) 
Price .... 
Price per lamp capacity 
Electrical efficiency (per cent. 



lo ins. 


15 in«. 


1,000 


670 


150 


620 


10 


34 


£100 


;f276 


13s. 4d. 


8s. I Id. 


80 


89 



* Proceeding-, Institute of Civil Engineers, April, 1883. 
t Ibid. vol. Ixxxiii. p. 36, 1886. 
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Several French investigators place the capacity as 
low as the square linear dimensions, and for this 
reason prefer small machines. 

The general opinion in this country and in America 
appears to follow the conclusions of engineers in 
reference to large and small steam-engines, that 
large dynamos are an enormous advantage, and that, 
roughly speaking, the capacity of dynamos is, for 
similar machines, somewhat greater than in propor- 
tion to the gross weight. The following example, 
taken from the list of a well-known maker of dyna- 
mos, will illustrate this : — 

Diameter of armature 
Weight „ „ ... 
Speed of rotation (revs. p. m.) 
Gross weight of dynamo . 
Number of glow lamps maintained 
Price 



Sins. 


ID ins. 


3cwt. 


3 cwt. 3 qrs. 


I»250 


I, ICO 


21 cwt. 2 qrs. 


licwU 


200 


400 


;fHO 


£200 



Testing Dynamos for Efficiency, 

To obtain reliable tests of different machines is a 
matter which has always been attended with some 
difficulty. It is necessary, first, to determine the 
horse-power expended in moving the machine, on 
open circuit (for friction), and with the full load of 
lamps ; secondly, to determine the energy ot the 
currents realised. 

Horse-power is measured by one of the usual 
methods so well known to engineers, viz. by indi- 
catory by dynamometer y or by brake^ and need not 
therefore be treated here. 

Electrical output may be determined by ascertain- 
ing the number of volts of potential and the number 
of ampferes of current between the extremities of that 
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portion of the circuit in which the energy is being 
expended. The ** voltage " is ascertained by means 
of a suitable z^^//-meter, and the amperes by means 
of an ampere-TCieter, Hence the product of the volts 
into the ampferes (volt- amperes) is an expression of the 
electrical energy per second in "watts" (volt-ampferes). 
Now, as I h.p. is equal to 746 watts, the number of 
watts must be divided by 746 to show the result in 
h.p. ; or, 

e c 

where e represents the " voltage," c the amperes, and 
W the electrical energy realised. 

Drs. J. and E. Hopkinson * proposed and elabo- 
rated an electrical method of testing dynamos, which 
has been much spoken of. It involves the use of two 
similar machines, but appears to possess many ad- 
vantages. 

Two dynamos approximately equal in dimensions 
and power have their shafts coupled by a suitable 
clutch, which may also serve as a driving pulley. 
The dynamos are electrically connected together, so 
that one drives the other as a motor. Upon the driv- 
ing pulley is placed the belt from the steam-engine. 
This belt passes on its way to the pulley through a 
transmission dynamometer. Accordingly, when the 
machines are in motion, it will be seen that one of 
them drives the other as a motor, and that the energy 
required from the steam-engine is the waste in the 
two dynamos and the friction. In this way very 
great accuracy is easily attained in arriving at re- 
sults ; for while it is extremely difiScult to eliminate 

♦ Philosophical Transactions of the Royal Society, p. 347, 1886. 
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errors as large as 5 per cent, when the power to be 
measured is large (say 50 h.p.), with a small power 
the error may easily be made as small as J per cent. 

In the experiments at Messrs. Mather & Piatt's, 
Manchester, a pair of Edison-Hopkinson machines, 
intended for a normal output of no volts and 320 
amperes, at a speed of 780 revolutions per minute, 
were used. They were of the shunt-wound type. 

The electrical energy was measured : volts by a 
Thomson's graded galvanometer, and amperes by 
passing the current through a known resistance, and 
measuring the difference of potentials at the terminals 
of this resistance by means of a Clark's standard cell 
and a potentiometer, according to what is well known 
as Poggendorff's method. The machines had the 
following resistances : — 

Ge-a tor { ^^T ^t7^lt'^■ ^o'- { X'^Zt"'' 

The results are so full of interest, as throwing light 
not only upon the subject of the efficiency of dynamos, 
but upon the great question ot the reconversion of elec- 
trical into mechanical energy, that we give in full the 
figures of one out of a large number of experiments : — 



E. M. F. at terminals of generator 
Current „ „ 

Curient through generator magnets 

„ „ motor „ 

E. M. F. at terminals of motor 
Speed of machine .... 
Power transmitted by belt 

Hence — 



1 10* 1 2 volts 
358 amperes 

6-5 „ 

5-36 ,, 
107*33 "^olts 
764 revs, per minute 
6,604 watts = 8'850 h.p. 



Total power given to generator . . 42,917 watts =57*53 h.p. 
Power lost in internal friction of arma- 
ture core 831 „ = i*ii h.p. 

Power lost in generator magnet . . 716 „ = 0*96 „ 

„ „ armature . . 1,360 „ = 1*823 „ 
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and, therefore, — 

Commercial efficiency . . . . 93*23 per cent. 

Loss in core 1-94 „ 

„ magnets i'66 „ 

„ armature 3*17 „ 

Similarly for the motor — 

Total power given to motor . . . 33,886 watts =r 52-13 h.p. 

Power lost in internal friction of core . 831 „ =r i-ii „ > 

„ „ motor magnet , . . 472 „ = 0*63 ,, 

„ „ armature .... 1,275 »» = i*70 „ 

and, therefore — 

Commercial efficiency of motor . . , 93*79 per cent. 

Loss in core 2*14 „ 

„ magnets 1*22 „ 

„ armature 3-27 „ 

High Efficiencies. — ^The above efficiency of 93'23 
per cent, is very high, but it is by no means rare in 
many types of machine now constructed. It will be 
seen that the dynamo, as a converter of mechanical 
into electrical energy, is now probably as nearly per- 
fect as it will ever become. 

Measurement has been made by Dr. J. Hopkinson 
and by Mr. L. Schwendler, independently, of the 
energy obtained in the form of current from a Siemens 
machine as compared with the energy shown to be 
consumed in driving it, and the result showed that 
only from 12 to 13 per cent, of the energy is wasted, 
but as lamps are usually adjusted, only half the 
energy of the current appears in the arc, or 44 per 
cent, of the energy transmitted by the strap. 

Many machines churn the air so that a continuous 
humming noise is produced, and from i to 25 per 
cent, of the total driving power is thus expended upon 
the air alone. One machine examined wasted 1 7 per 
cent., and it is probable that such types of generators 
would heat to an inconvenient extent were it not for 
this air-churning. 
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With regard to the amount of light (in the arc) 
produced per horse-power this varies considerably in 
diflferent machines. Experiments were made at the 
South Foreland by the Engineer to the Trinity Board, 
the results of which are given in Sir James Douglas's 
paper read at the Institution of Civil Engineers in 
March, 1879. The following are a few of the results 
obtained. 

Light produced 
per H.P. in 
standard candles. 
Machine. mean of 

experiments. 

Holmes's Magneto-Electric 475 

Alliance „ 543 

Gramme, No. i 758 

,. No. 2 758 

Siemens* Large 911 

» Small 954 

„ Small 1,254 

Thus it will be seen that a good machine should 
give about 1,000 or 1,200 standard candles per horse- 
power in the electric arc ; but the measurement of the 
light is, in fact, rather a difficult and doubtful matter, 
owing to the errors caused by the varying position of 
the carbon points, and the difficulty of obtaining a 
reliable standard of comparison. 

With reference to the light power obtained per H.P. 
in the case of lighting by incandescence, it may be of 
interest to remark that in the trial performances of 
the Ferranti-Thomson machine, from 12 to 14 of 
Swan's i8-candle incandescent lamps were maintained 
per H.P. consumed. But it is not certain whether 
every one of the lamps in circuit was raised to its full 
photometric value. The above number of lamps per 
H.P. would appear to indicate that it is possible to 
obtain about 230 candles' light per H.P. consumed by 
the machine. In the trial referred to the Ferranti- 
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Thomson machine absorbed altogether 35 H.P., and 
maintained from 300 to 320 of the i8-candle Swan 
lamps in a state of incandescence. 

Treatment of the Dynamo. 

Commutators, — It may appear curious that if a 
dynamo is not attached firmly to a rigid foundation 
its commutator cannot last long or keep in good 
order. Any vibration of the body of the machine is 
very likely to be communicated to the brushes, especi-* 
ally if the brackets carrying these are of flimsy con- 
struction, with the result that they are apt to partially 
lose contact with the commutator periodically. In 
dynamos developing high tension such a condition 
would speedily produce "flats" or facets upon the 
surface, and when once a " spot " of this kind is com- 
menced it is sure to spread and deepen. 

The life of a commutator is, of course, greatly de- 
pendent upon the tension of the machine (its sparking 
propensity) ; upon the methods of connection and 
windings of its coils ; upon the position of contact of 
the brushes (line of least sparking and greatest efiici- 
ency — not always coincident) ; upon the pressure and 
material and shape of the brushes; and upon the 
material with which the segments of the commutator 
are insulated. In shunt- wound machines there is 
usually less sparking than in series excited machines — 
when the extremities of the shunt are connected to the 
two brushes. 

In the Thomson-Houston dynamo for arc lighting 
a considerable electro-motive force is produced. The 
sparking at the commutator is considerable. But it 
is remarkable that in high tension machines, where 
the current is correspondingly small, such sparking is 

N 
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not very harmful to the commutator. As the machine 
is at present arranged it is probably impossible to 
eliminate this sparking, which in a large machine 
appears considerable. But an ingenious device is em- 
ployed to blow out the sparks just as they appear. A 
small air-blast is used for this purpose, and answ^ers 
the purpose extremely well. In most arc-lighting ma- 
chines indeed the sparking is necessarily a cause of 
some trouble, and burnt spots will appear in spite of 
every care. The air blast presents the great advan- 
tage of keeping the surface cool and blowing away 
any copper dust that may lodge. 

Moreover, the line of least sparking is not neces- 
sarily the line of maximum efficiency, as remarked 
above, and any diminution of sparking obtained by 
rocking the brushes towards the former point may 
seriously weaken the current and E.M.F. 

The pressure of the brushes is a matter of moment. 
It should never exceed that necessary to give a good 
contact. It should, on the other hand, be sufficient 
to withstand the vibration of the machine when in 
motion. Many dynamos possess a vibration produced 
within themselves. That is, the magnetic rupture, 
when the coils pass the field, may and does produce 
an internal vibration of the commutator and brushes. 
Pressure must therefore be sufficient to overcome 
this. 

It is perhaps impossible to say what shape consti- 
tutes the best collecting brush. A bundle of wires is 
troublesome ; a bundle of copper sheets is also difficult 
to adjust. Many of the best dynamo makers have 
adopted a brush composed of two or more copper 
slips soldered together at one end, and cut into a 
comb-like shape at the collector end. The object to 
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be aimed at is the sub-division of the spark and the 
securing of an equal contact, notwithstanding that 
the commutator may have upon its surface " flats" and 
" pits." In some of Edison's machines the brushes 
consist of many copper slips placed edgeways upon 
the cylinder. Copper is the material most in favour 
for brushes. It is usually as hard and pure as pos- 
sible. The brushes themselves are easily kept in 
order, for being made of considerable length, to make 
up for wear, a fresh surface can always be obtained. 

Insulating spaces of the commutator, — Many substan- 
ces have been tried. Air gaps have been well tested. 
Gaps, however, unless kept clear by an air-blast, are 
apt to get clogged, so short-circuiting the segments. 
No insulating substance has proved so universally 
suitable as mica (" talc "). The secret of this material 
is to employ only such qualities as are pure and have 
a wearing capacity equal to that of good copper. If 
the mica does not wear down as fast as the copper 
the commutator will soon become useless. If, how- 
ever, the mica easily grinds away, gaps will appear, 
which, filling with copper dust, will produce weaken- 
ing of the dynamo and general break-down of its coils. 
A great deal of attention has been given to this point 
by many of the best makers of dynamos. Asbestos 
has also been extensively used, but not with such 
uniformly good results. 

Lubrzcatton of comvtutator. — Galling or attrition of 
the surface is speedily destructive of a commutator, as 
of any bearing in motion. Experience has shown 
that a lubricant must be used, and that sparingly. 
Ordinary oil and tallow was, until recently, in favour, 
but of late vaseline has been proving itself the least 
objectionable. The carbonising of ordinary oil and 
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tallow frequently leads to partial short-circuiting. A 
well finished commutator in a good machine will, if 
well cared for, after a time acquire a glassy, hard 
surface, which needs very little attention. 

Treatment of bad surface of commutator. — Superficial 
defects, as small rough spots, produced by burning, 
may be frequently removed by placing a slip of glass 
paper, or even fine emery cloth, against the revolving 
surface. A slip of emery cloth laid flat upon a smooth 
file forms a good corrector for grooving. A ^* dead 
smooth " file is probably the best of all. A commu- 
tator that is wearing rough should be seen to at once, 
otherwise it will go on from bad to worse. Re-turn- 
ing is the best remedy for defects. As this usually 
necessitates the removal of the armature, it is not 
done so frequently as required. An ingenious en- 
gfineer has devised a sort of make-shift slide-rest, for 
re-turning in position. The rest is bolted to the 
dynamo, and carries a tool in a suitable position for 
taking a cut off the commutator. This would appear 
to be an indispensable accompaniment of large 
dynamos. Brush-holders should be ot substantial 
construction and not liable to vibration. Many 
dynamos are very defective in this particular ; it is 
indeed a matter of the utmost importance in the con- 
struction of these machines. The commutator and 
brushes necessarily form the chief care of a dynamo 
attendant, and some mechanical knowledge is indis- 
pensable to a man holding that position. Many 
attempts have been made to supersede brushes, by 
rolling contacts and other devices, but with indifferent 
success. 

Short-circuiting, — ^A break-down of the insulation 
at any point, from the coil to the commutator bar, may 
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produce short-circuiting and consequent loss of power. 
Carelessness in the management of the machine 
generally may speedily ruin its insulation. In inex- 
perienced hands a dynamo may get put upon short 
circuit entirely and may even be " burnt-up " thereby. 
A dynamo should never be connected to an unknown 
resistance of moderalte amount. In machines wound 
upon the shunt principle — ^when the exciting coils of 
the field-magnet are of high resistance, and form a 
by-path or alternative path for the current, the danger 
of being placed upon short circuit is not nearly so 
great. It would probably be impossible to "bum 
up ** such a machine, because the proportion of cur- 
rent that could pass through the shunt would be so 
small that little or no magnetism would be produced, 
and consequently little current would be developed in 
the armature. On the other hand, accidental short- 
circuiting of a series-wound machine, or even a com- 
pound-wound machine, will be very likely to develop 
such a current as will speedily make its coils red-hot. 
The driving belt is liable in such cases to slip, through 
the abnormal load, and may thus save the machine. 
Of course, there is a limit to the magnetic strength of 
the field. The magnet may become saturated and 
may yet not produce a current sufficiently large to 
burn the machine; this may occur more especially 
in high tension machines. Testing for faults in the 
dynamo is quite an art in itself. A source of current 
and a sensitive galvanometer are required. Obvious 
contacts between coils, segments, and the body of the 
machine are easily found but not so readily located. As 
a galvanometer is generally useless near to a dynamo, 
the testing instrument should be kept at a suitable 
distance. Metallic dust from the commutator is a 
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frequent source of short circuits in commutators and 
coils. Oil is another cause of trouble, when it falls 
upon the coils, and damp or water are equally trouble- 
some. For these reasons hard lubricants only should 
be used, and maichines kept in a dry place. 

The following directions apply to the Brush and 
many other arc-lighting machines. 

It will be found that when the brushes are rocked 
too far forward in the direction of rotation of the com- 
mutator, the sparks will quite disappear, but the 
lights will go out occasionally, and each extinction 
will be attended by a few long sparks on the commu- 
tator. This may be at once corrected by rocking the 
brushes in the opposite direction a short distance. If 
the brushes are rocked too far there will be much 
sparking and a diminution of light in the lamps, and 
occasionally extinctions will take place similar to 
those which occur when the brushes are rocked too 
far forward. The brushes should be rocked as far 
forward as possible without causing the occasional 
extinction of lights. When too much oil is used on 
the commutator, sparks will be produced similar to 
those which appear when the brushes are in the wrong 
position ; hence due care must be taken to put only 
just sufficient to prevent cutting of the commutator 
segments. After the machine has been run awhile and 
has become warm, a slight re-adjustment of the 
brushes is sometimes advisable, and a little experience 
will soon enable the attendant to determine the exact 
adjustment that will produce the best effect. 

When the brushes are much worn they must be 
clipped off squarely at the worn end, and moved up to 
the same position as before. 

Driving, — When gas engines were first used for 
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moving dynamos a good deal of trouble arose from 
the unsteadiness of the light produced. This is per- 
haps more noticeable in such engines as take gas by 
governor, once in three or four revolutions. A sudden 
acceleration of speed is thus produced when the im- 
pulse is given, which is manifest by a sudden brighten- 
ing of the lamps. No remedy has been found so 
generally useful as the addition of a fly-wheel to the 
dynamo shaft. A driving band not too tight will thus 
yield somewhat at the moment of the impulse. Re- 
markable steadiness may thus be produced. 

To ensure steady driving the motor should always 
have a considerable excess of power. This more 
especially applies to cases where great variations oi 
load occur, as the sudden switching on or off of large 
numbers of lamps. Common steam engines fitted 
with old-style governors are most unsuitable for elec- 
tric-light work. The automatic cut-off governor is 
coming into general favour, and great progress has of 
late been made in rendering the motor sufficiently 
sensitive. 

Driving bands of leather are a source of much 
trouble when new. When long bands are used the 
stretching is considerable. The bands maybe stretched 
by the makers to a great extent before placing upon 
the machine. The leather chain-belts, composed of 
short pieces of leather jointed with steel rods are less 
troublesome, give a better grip, are generally more 
flexible, and economise power better than solid leather 
bands. Rope'driving is coming into use in the case oi 
large dynamos. This wiU probably be the method of 
the future in large work. It presents the great ad- 
vantage of providing against the breaking or slipping 
off of the driving band and consequent stoppage. A 
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large dynamo may in this way be driven by as many 
as ten ropes, running in separate grooves in engine 
and dynamo pulleys. Chatn-drtvingy after the manner 
of tricycles, is frequently used for slow dynamos, and 
has been foimd to present many advantages. Direct 
driving has always been in great favour by both 
engineers and electricians. In this case the engine 
and dynamo shaft are simply coupled together in line. 
Direct driving is now used for large central station 
dynamos, and for small machines aboard ship. 

Regulators of Current. 

Many attempts have been made to invent or intro- 
duce some device by means of which currents from 
dynamo-electric machines might be automatically 
regulated or governed, as the steam supply is con- 
trolled in steam-engines. 

The electric light without a steady current is very 
unsteady, and as constant strength of current 
depends in a great degree upon the motor itself, it is 
found that common steam-engines, unless of greater 
power than is really required, are not the best for the 
working of electric-light machines. In the earlier 
attempts at electric lighting there existed a want of 
perfection at three points concerned in the production 
of the electric light. The engine seldom had a suffi- 
ciently sensitive governor; the lamp was unsteady 
on account of various defects in the carbons ; and the 
machine itself was entirely without a means of regu- 
lating its supply of current to the exigencies of the 
exterior portion of the circuit. 

These faults combined did much to render the in- 
troduction of electric illumination difficult where a 
perfectly steady source of light was required. Staite 
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and Edwards patented, so long ago as 1855, an 
electric regulator based upon the heating and expan- 
sion of metals by the current to be regulated. The 
metal used was platinum, in the form of wire ; this 
was attached to a lever amplifying its movements, 
and the lever in turn moved a resisting coil of wire. 
This coil was a common naked helix, having some 
elasticity, and the action depended upon more or less 
turns of the wire being pressed together, so diminish- 
ing the resistance or augmenting it as the expansion 
and contraction of the platinum wire demanded. This 
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Fig. 92. — Siemens* " Circuit R^^lator." 

idea, beautiful in itself, is really the origin of some of 
the regulators used at the present day. 

Dr. Siemens has constructed a regulator worked by 
the expansion and contraction of a strip of platinum 
or steel ; but the apparatus, so far, does not appear 
to have been practically applied. The action is some- 
what similar to that employed in Messrs. Staite and 
Edwards' device. The resistance coils used are put 
in or out of circuit by the amplified movements of a 
lever. 

Siemens* Safety Regulator. — ^Fig. 92 is a view of the 
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working parts of this regulator. It is issued by the 
makers of the Siemens machine. 

A is an electro-magnet in the circuit of the machine 
and lamp ; B is a contact point in connection with the 
main circuit through the resistance coil shown only. 
Normally, the electro-magnet attracts the armature, 
and the current passes right through the instrument 
without experiencing appreciable resistance; but 
should the lamp by any accident go out or break 
circuit, the machine cannot be damaged by the engine 
racing when the load is taken off. The resistance 
coil is equivalent to that of the lamp when burning, 
and to keep it cool it is immersed in a small tank of 
water in the base of the regulator. 

It will at once be seen that this is far from being 
a regfulator, in the true sense of the word, because it 
is only useful in the case of any excessive change in 
the current strength. It is, however, no doubt a 
valuable adjunct to the dynamo-electric machine, 
as much harm cannot be done to either engine or 
machine when this is in circuit. It is joined up in 
the usual way, by cutting the conductor near to the 
machine, and connecting one end to C, and the other 
to the same point, but, of course, on the opposite 
side of C, so that when the machine is working the 
current may pass direct to the lamp. The other con- 
nections C^ and c^ are made by cutting the remaining 
conductor, and joining up as shown. The instrument 
may be regulated for strong and weak currents by 
the antagonistic spring screw and by the contact 
screw. 

In all regulating apparatus intended to regulate 
the current by actual breaking of the circuit, a very 
great objection is introduced by the extra current 
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sparking at the contact. A word of explanation as 
to what this really is will not be unnecessary. 

When two short wires are attached to any electric 
source, such as a voltaic battery, their ends touched 
and then separated, an exceedingly feeble spark only 
is noted ; but when the wires are longy a large spark 
of great brilliancy is produced, and when the same 
wires are coiled up, especially around iron, the spark 
is still further increased in size and length. This is 
usually spoken of as the " extra " current spark, and 
is due to electro-magnetic induction. 

Any regulator, then, depending upon actual break- 
ing of circuit for its action, must so far be very 
inefficient, because no contact points yet discovered 
or tried will withstand the burning power of the 
electric spark. 

Dr. Siemens also described, in January, 1879, a 
regulator based upon the curious property, discovered 
by Hughes and Edison, that carbon when underpres- 
sure will conduct better than when free from pressure. 
Thus Siemens proposed to place a number of carbon 
discs in an insulating tube, pass the current through 
them, and by means of a variable expansion of 
platinum, as in Staite and Edwards' apparatus, to 
vary, by more or less pressure, the conductivity ol 
the carbon series. 

Brush Regulator and Sensitive Relay. — A very effi- 
cient automatic regulator, based upon the property of 
carbon just mentioned, is used by the Brush Com- 
pany. The construction is very simple. Two sole- 
noids are placed in the field magnet circuit (it is 
notable that regulators are generally placed so as to 
control the field magnets only) ; projecting into these 
solenoids are the limbs of a U-shaped core of soft iron. 
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which is attached and drawn more or less into the 
solenoids when the current is passing. This iron core 
is connected by a long rod of brass to a lever of the 
second order, the fulcrum of which is a short standard 
provided at the top with a knife-edge, on which one 
end of the lever rests. Near the fulcrum an adjust- 
able screw, tapered to a point at the upper end, 
passes vertically through the lever, supporting a block 
which receives the weight of four parallel columns, 
each column consisting of a great number of thin 
plates of carbon, about i inch square. These columns 
are separated from each other by slabs of slate, but 
at the top and bottom are connected by small plates 
of carbon, which join the four columns in series. The 
action of the instrument will be readily understood. 
The carbon piles are connected as a shunt to the 
field magnet of the dynamo, and the solenoids are in 
the circuit of the machine. When no current is circu- 
lating in the solenoids the lever is not raised, and in 
this position of the lever the carbon piles are so 
separated that no current can pass that way. When 
the dynamo is working at full load the solenoids have 
not sufficient current to make connection in the car- 
bon piles — in this position the full current circulates 
in the field magnet. But when several lamps are 
switched out, or the speed of the dynamo is allowed 
from any cause to increase, an increase of current 
takes place, and the cores are pulled farther into the 
solenoids, and the carbon plates are raised and brought 
into contact. Hence the carbon piles shunt off a por- 
tion of the field magnet current, and the strength ot. 
the field in the dynamo is thereby reduced until the 
normal current is again arrived at. When, on the 
other hand, the current given by the dynamo tends to 
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weaken, the solenoids exert less pressure upon the 
carbon piles, and less current is shunted through 
them, so increasing the current through the field 
magnet.* 

One of the great advantages of this regulator lies 
in the fact that it controls only a small current, and 
that little or no sparking is produced in its action. 

The " Brush " Automatic Regulator has been im- 
proved by the addition of a relay adapted to it by Mr. 
Geipel. The relay consists of a sensitive core and 
solenoid arrangement, which responds more quickly 
to the variations of current than does the regulator 
alone. The control exercised over the regulator by 
the relay removes this defect. The relay has two 
contacts connected with the windings on the regula- 
tor coils. On an increase or decrease of current 
taking place the relay instantly weakens or strength- 
ens the action of the regulator coils, and thus a 
prompt adjustment is obtained. There is a medium 
position of both relay and regulator which is main- 
tained when the current has its proper value. It will 
be seen that this combination secures the separation 
of the part of the apparatus which requires to be 
powerful from the part which requires to be sensitive. 

Recent advances in the application of the electric 
light would appear to indicate that by diflferent 
methods of connection within the machine it may of 
itself become its own regulator. 

The method employed at present is chiefly based 

upon the principle of exciting the field-magnets of 

*the machine by a portion of the armature current 

only, instead of, as formerly, the whole of the cur- 

♦ A full account of this regulator, with a diagram, is given in a supple- 
ment to the Electrician of Oct. 30, 1885. 
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rent. This principle was first published by Sir C. 
Wheatstone.* By these means a shunt-wound ma- 
chine, as it is termed,, becomes automatically powerful 
or feeble to meet the exigencies of the exterior resis- 
tance. This important method of exciting the field- 
magnets as applied to Siemens' machine, was 
published in a paper read by Mr. Alexander Siemens 
at the Society of Telegraph Engineers and of 
Electricians, in March, 1880. It is spoken of further 
on. This small current is easily controlled by various 
efficient regulators now in common use. 

* " Phil. Trans, of the Royal Society," February 14, 1867. 



CHAPTER VIII. 

TRANSFORMERS AND ELECTRICITY METERS, 

In the practical distribution of electrical currents for 
lighting it was soon found that to convey large cur- 
rents at low potential to a distance, conductors so 
large as to be impracticable were required. On the 
other hand, although it was well known that small 
currents of high tension representing the same amount 
of energy could be conveyed easily in exceedingly 
small conductors, the principle could not be applied 
to ordinary lamps direct, and the introduction of such 
currents into dwellings would be a possible source 
of danger to life. 

It has long been known that a low tension current 
could by suitable means be converted into a high 
tension current. The induction coily an instrument 
for this purpose, is too well known to call for descrip- 
tion. Its theory has been exhaustively treated in 
most text-books of electricity. The most powerful 
machine of this kind was owned by the late Mr. 
Spottiswoode, F.R.S. This coil would convert a low 
tension and harmless current into a high tension 
discharge, which would flash across an air-space 45 
inches in width. Thus, from a current of a few volts, 
a conversion was made to a current of many million 
volts. 

But the induction coil is reversible, for by feeding 
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its secondary coil with a high tension alternating or 
interrupted current, a low tension current of great 
volume is obtainable from the primary coil. 

Thus, the induction coil, which until within a few 
years ago was but a scientific toy, has developed into 
a most important auxiliary to the dynamo-electric 
machine. 

In so far as the use of transformerSy as they are 
generally called, has taken effect, they have only been 
successfully used for alternating currents. It is well 
known that if a constant current be passed through 
the primary wire of an induction coil the secondary 
circuit will evince no sign of current. At the moment 
of making or breaking contact with the primary 
coil, however, momentary currents will flow in the 
secondary coil. Hence the necessity to use a contact 
breaker or interrupter with such coils. 

But if a constant current flows in the primary coil, 
and that coil be moved within the secondary coil, 
currents corresponding to the motions will be induced 
in the secondary — in fact, we have now a kind of 
dynamo machine. Hence, if the current transformer 
can be used for converting constant currents of high 
force to constant currents of low force, they must take 
the form of machines of some kind. 

Transformers are chiefly used, first, for augmenting 
the electro-motive force of the currents produced by 
the dynamo, so that these currents may be carried by 
small and inexpensive conductors. Such currents, as 
we have seen, cannot safely be allowed to enter 
ordinary dwellings, and the transformer comes again 
into play — this time to redtcce the electro-motive force 
to a safe limit. 

Thus, a dynamo may work at loo volts, and pro- 
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duce a. very large current. That current, if it is to be 
carried to a distance without conversion, might need 
a conductor of great thickness — it might be a copper 
rod an inch in diameter — the cost of which would be 
prohibitive. But we must get the current delivered 
at the distant point at the potential of 100 volts. A 
transformer is therefore brought to bear at the 
dynamo, which converts the large current of 100 volts 
to a small current of 1000 volts. This current might 
then be conveyed to the distant point in a conductor, 
say ^ of an inch in diameter. Another transformer 
then comes into play, and reduces the potential and 
augments the current to the original value, less a 
certain loss in the conversion. 

But it is far more common to construct dynamos 
yielding potentials sufficiently high for transmission 
direct than to use transformers at the dynamo end of 
the line, although it will probably be foimd that low 
potential dynamos are less liable to break down than 
those furnishing currents of 1000 volts or more. 

Secondary or Storage Batteries as Transformers, — 
The use of these has been strongly advocated. Thus, 
if a storage battery be set up in series it may be fed 
by a high tension current. It may then be discon- 
nected and so arranged in parallel arc as to yield any 
potential, from that of the charging current to that of 
one cell only. 

Professor Faraday's experiments in 1 83 1 led him to- 
produce the first induction coil, which proves the 
parent of all subsequent forms of transformer based 
upon magnetic induction.* 

This consisted of an iron ring, six inches in diameter 

♦ ♦< Experimental Researches," i. 7, 183 1. " Philosophical Transactions 
of the Royal Society,** 1831. 

O 
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and about an inch thick. Upon one diameter of this 
was wound a primary wire about 72 feet in length, 
and upon the opposite diameter a secondary wire 60 
feet in length. By connecting the primary wire with 
a battery and the secondary with a galvanometer, 
strong momentary currents were induced in the 
secondary coil at each make and break of contact 
with the battery. 

All subsequent improvements upon this form of 
transformer have had for their object a greater 
efficiency and less loss of energy in heating the 
iron core. 

If both the wires be of the same size, and if they 
take an equal number of turns around the core, it is 
assumed that the potential of the secondary will equal 
that of the primary. If the secondary takes a greater 
number of turns than the primary, the potential of 
that circuit will be augmented. When a very high 
potential is to be used the secondary is made from 
fine wire, giving a large number of turns in com- 
parison with the small number of turns made by the 
larger primary wire. 

Conversely, if the currents are to be reduced from a 
high to a low potential, the secondary wire is no 
longer the fine wire; the latter then becomes the 
primary, and carries the main currents, while the 
short, thick wire becomes the secondary, and yields 
currents of low tension. 

Hence the manipulation of the current for any 
specific purpose becomes a comparatively easy matter 
by the aid of this apparatus. 

The chief improvements that have been effected in 
the induction coil or transformer were mostly all due 
to experiments made long before electric lighting 
became practicable. The merit of subdividing the 
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core, so as to eliminate useless eddy currents and 
consequent heating is due to Masson (1837). The 
introduction of the induction coil for distributing cur- 
rents for electric lighting is claimed by several, 
among whom Jablochkoff (1877), Bright (1878), Ed- 
wards and Normandy (1878), Marcel Deprez and 
Carpentier (1881), Edison (1882), Lane-Fox (1883), 
and later, Gaulard and Gibbs, Kennedy, Deri and 
Zipernowsky, Ferranti, Westinghouse, Kapp, Snell, 
Mordey, Statter, etc.* 

The fundamental disposition of the parts in a trans- 
former were well understood long before such an 
instrument was thought of in connection with the 
electric light — they are, briefly, a closed magnetic 
circuit, dating from 1831, and a core carefully lamin- 
ated or subdivided, dating from 1837. The develop- 
ment of the instrument to its present efficiency has 
been exceptionally rapid. 

Zipernowsky' s Transformer. — This has been made in 
two forms ; the first merely being a development of 
Faraday's famous ring. It consists of a ring of soft 
iron wires, upon which are placed ten or more distinct 
coils. Five alternate coils are connected together, 
forming the primary wire, and five alternate coils 
similarly joined forming the secondary circuit. Which- 
ever wire is to carry the higher electro-motive force is 
made the finer. In the second construction of Ziper- 
nowski's transformer, the coils of wire are arranged 
so as to take the place of the core ; they form, in fact, 
the " ring." Thus, two rings formed from the 
primary and secondary coils being coiled up in that 
shape are placed one upon the other, their centres 
coinciding. The " core " of iron wire is then wound 
upon them, taking the place of the coils in the first 

* See list of Transformer Patents, p. 205. 
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form of the transformer. Thus, the induction coils 

become the core, while the latter, as used by Faraday, 

becomes the encircling coil. This iron wire is wound 

on with a shuttle — the arrangement might be termed 

a transformer with an external ** core." The main 

point aimed at by inventors is to form two closed 

links, linking them together. Fig. 93 shows the 

arrangement. 

Messrs. Gaulard and Gibbs for several years used 

the ordinary induction coil form, consisting of a 

straight iron core, with primary and secondary wound 

upon it, forming the well-known " bobbin," or " reel " 

shape. The power of these transformers was regulated 

by various arrangements for 

withdrawing more or less of 

the core. They were usually 

set up vertically, and in sets 

of four or more. 

^. ^, The construction of trans- 

rig- 93* 
zipernowsky's Transformer. formers is continually being 

varied, necessarily from the nature of the instrument, 
and improvements are being made in each form from 
year to year. But the tendency at the present time is 
undoubtedly in the direction of employing large 
numbers of rectangular stampings from soft sheet 
iron, and so forming boxes or " shells " for the recep- 
tion of the coils. It is found that if the coils be not 
only filled with soft iron but also surrounded and en- 
closed in it, the efiiciency of the transformer is corres- 
pondingly increased. In all cases the iron employed 
must be subdivided, or laminated, so as to prevent 
heating and loss of current. 

Messrs. Kapp and Snell arrange the " shell" portion 
of their transformer as represented in Fig. 94, where 
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are shown two sets of U-shaped stampings from sheei 

iron placed side by side, and forming a square core, 

through which run two oblong chambers to receive 

the coils of wire. The stampings removed from the 

sides to form the U shape 

are used, as shown, set 

upon edge, to complete 

the magnetic circuit. 

The stampings in this 

transformer are of the 

following dimensions : — 

5 in. high and 3^ in. 

broad. 

Kennedy 's trans - 
former, as used for raising the potential in the mains 
at a generating station, is shown in Fig. 95. In this 
case the stampings are not only made to envelop the 
coils, but pass through them also. Each pair of plates 




Fig* 94- — Kapp and Snell's Transformer. 




F»g» 95.— Kennedy's Transformer, 



is thus separated by a cross strip. Each chamber 
contains a primary and a* secondary coil. 

Transformers self-regulating. — It is a peculiar cir- 
cumstance that the transformer has the property of 
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self-regulation to the requirements of the secondary 
circuit when connected in parallel with the mains. 
Thus, if a transformer be loaded with 100 lamps, and 
it feeds these as desired, if 50 of the lamps be turned 
off, the current flowing in the primary will fall 50 per 
cent. And if the remaining lamps be switched off, 
little or no current will flow in the primary, although 
the pressure in the mains is constant. The explana- 
tion has been sought successfully in the " damming 
back" effect of a counter electro- motive force induced 
in the primary by the iron of the transformer. But 
while the transformer exhibits this property to a re- 
markable degree, an ordinary induction coil does not 
evince it to anything like the same extent. 

Since the use of transformers is comparatively 
recent, it is impossible yet to say which is the best 
system upon which to use them. It is generally 
agreed, however, that to supply a small transformer 
tor each lamp is unnecessary. The present practice 
is to fix a transformer capable of taking a sufficiency 
of current for the whole of a building just outside its 
walls, so as to keep the high tension of the mains 
without. In America, where it is a general practice to 
lead the mains along the pavements upon poles, a 
transformer is fixed upon a pole opposite each 
building to be supplied with current. This system is 
extensively used by the Westinghouse Company in 
the United States, the tension of their mains being 
1,000 volts, and that of the lamp circuits 50 volts, 
or as 20 to I. 

The following dimensions are given for a transformer capable of trans- 
forming a current of 1*5 ampdre at i,dbo volts down to a current of 37*5 
amperes at 40 volts : total external size 20 X 6 X 4 inches. Primary wire, 
5 lbs., 0*035 ^''^^^ diameter; secondary, 5J lbs., o-i2 inch, 25 in parallel ; 
weight of iron about 50 lbs. Efficiency — tnis is said to be 97*2 per cent., 
but no particulars are given as to the current flowing. 
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Electricity Supply Meters. 

Considerable progress has been made in the de- 
velopment of meters for the accurate registration of a 
supply of electricity, either for lighting or motive 
power. The question is of so much importance that 
it is probable that already every known means of ob*- 
taining accurate results has been carefully tested. 

Some of the meters are extremely ingenious. Perfec- 
tion has certainly not yet been attained, but it may be 
safely said that a good electricity meter may easily be 
made as accurate in its readings as an average gas 
meter — the accuracy of which is more often a matter 
of speculation than of fact. The current meters may 
be briefly divided into two great branches — those for 
continuous currents, as for Edison's system, and those 
for alternating currents, as the Ferranti system. They 
depend either upon electrolysis or electro-mechanical 
action for their indications. 

Meters intended to register by electrolytic action 
were probably first used by Edison. The principle, 
and even its application to practical purposes of 
electrical measurement, were both, however, very well 
known twenty years ago, and Mr. J. T. Sprague sug- 
gested such a meter before the year 1875.* 

Edison's meter for continuous currents consists of a 
pair of zinc plates, kept a little apart, and plunged in a 
solution of zinc sulphate. Any current passed through 
this cell will abstract from the entering plate and add 
to the emerging plate — that is, the anode plate will 
dissolve, and the cathode plate will receive the metal 
so dissolved. The amount of zinc so transferred is 
accurately (or nearly so) proportional to the current 

* "Electricity; iis Theory," &c., London, 1874. 



200 ELECTRIC LIGHT. 

that has passed through the cell. This is a well- 
known fact of electro-metallurgy. The principle may 
be more fully studied in the author's " Handbook of 
Electrotyping." 

In addition to the electrolytic cell the meter consists 
of a shunt arrangement, by means of which about 
^ftftj- of the current supplied passes by the meter, 
^^ly ttjW passing between the plates. Such a meter 
is placed between the electric mains and the lamp 
circuits of the house to be supplied. Before the meter 
is attached its plates are weighed. They are weighed 
again at the end of every month. The loss in zinc by 
the anode plate will then indicate the quantity of 
electricity that has passed, and the customer is rated 
accordingly. 

To render the meter accurate some means must be 
devised to compensate for the variations in con- 
ductivity of the electrolytic cell, due to changes of 
temperature. A rise in temperature is followed by a 
diminution of the resistance, and an increased current 
would flow through the meter, and vice versa. The 
resistance of copper, on the other hand, increases 
with a rise of temperature, and the proportion is so 
nearly the same that a little copper coil, placed in the 
circuit of the cell, serves to compensate for any varia- 
tions, the one balancing the other very accurately. 

Fig. 96 shows diagrammatically the arrangement. 
The density of the solution in which the zinc plates 
zz are immersed is maintained at about 1*054, and 
the plates being about \ inch apart, the resistance of 
the cell is nearly 175 ohm. The balancing copper 
coil <3; is 8 ohms, ^ is a resistance of German silver, in 
the form of a zig-zag. The meter merely forms a by- 
path or shunt to the course of the current as it enters 
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the house. In fact, most meters must necessarily be 
arranged in this way if they present any appreciable 
resistance. When a large current is to be supplied 
the meter has two, and sometimes four cells. An in- 
candescent lamp is usually fixed in the meter case, 
and during the winter months this is kept lighted, 
which prevents the solution from freezing. It has 
been pointed out that this system leaves the adjust- 
ment of the accounts entirely without check in the 
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Fig. 96. — Edison's Electricity Meter. 

hands of the electric company, but it is said that no 
complaints have so far been made against it. 

Schallenherger*s meter is used chiefly by the West- 
inghouse Electric Company, and has done good work 
in America. It is intended for the registration of 
alternating currents. This instrument is a remarkable 
example of the utilisation of electrical principles for a 
practical purpose. It consists essentially of an iron 
disc, placed in a horizontal position, and capable of 
rotation upon a vertical axis. A rectangular coil of 
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wire, placed horizontally, surrounds the disc, leaving 
space between the two. This coil carries the current 
to be measured. A second coil of wire, within the 
first, also surrounds the disc, but does not touch it. 
This coil is a complete circuit in itself, and is inclined 
at an angle of forty-five degrees to the current-bearing 
coil. The secondary coil is in fact a self-circuited in- 
duction coil. The object to be obtained is the rota- 
tion of the iron disc. When a positive current flows 
in the current-bearing coil it creates a magnetic 
polarity in the iron disc. It also induces an opposite 
current in the secondary coil. But the " phase " or 
life of the positive current will have ebbed away be- 
fore the secondary negative current has attained its 
maximum — that is, the induced current will be half a 
phase later than the principal current. The secondary 
current then tends to give motion to the iron disc by 
attracting the pole previously created by the principal 
current. Again, the principal current passes, but the 
impulse is negative, and a fresh pole is created in the 
iron disc, while a positive current is induced in the 
secondary coil, which again attains a maximum as 
the negative current reaches zero. Again the iron 
disc is attracted and moved forward in the same direc- 
tion — so a continuous rotation is kept up simply by 
virtue of the electric lag of induction between the 
coils. 

We have here, in fact, an electro-motor capable of 
being actuated by alternating currents, and this 
principle indeed forms the basis of alternating current 
motors, in so far as the invention of such machines 
has progressed. 

In the Schallenberger meter the rotation of the iron 
disc is utilised to set a train of wheels, carrying in- 
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dices, in motion, and these indicate directly the quan- 
tity of electricity used. The upper extremity of the 
axis is utilised for this purpose, while the lower end 
carries a fan to prevent over-running or too free a 
motion. It has been contended that meters of this 
class must be subject to variation with variation of 
phase in the alternations ;' in other words, the speed 
of the dynamo would upset the reading of the meter. 
This may be true within narrow limits, but no such 
serious difficulty has been experienced by the Westing- 
house Company in America. 

Ferranti's Meter, — Here we have another beautiful 
example of an electrical phenomenon utilised for a 
practical purpose. It is based upon the principle 
that when an electric current flows through a fluid 
body which occupies a magnetic field, the fluid has a 
motion perpendicular to the current and to the mag- 
netic field. 

The instrument mainly consists of a tubular electro- 
magnet consisting of a hollow iron core, over which 
an exciting coil is wound, and an exterior casing of 
iron. We have thus two tubes, one within the other ; 
the upper end carries a yoke piece as usual. The 
lower extremities form the poles, the outer one being 
the longer, and carrying an extension ring, which 
leaves an annular chamber in which is placed a quan- 
tity of mercury. The mercury thus occupies a mag- 
netic field, the lines of which are vertical lines. The 
current is made to pass through the mercury from 
centre to periphery, the result being its continuous 
rotation in one direction. This motion is taken ad- 
vantage of by means of a fly or float, moving with the 
mercury, and attached to a vertical axis, the upper end 
of which sets a counting train in motion in the usual 



204 ELECTRIC LIGHT. 

way. Many inventors have endeavoured to utilise 
the .rotation of mercury in a magnetic field for the 
purpose of measurement, but difficulties have always 
sprung up in the shape of the gradual oxidation of 
the mercury. Mr. Ferranti claims that by means of 
extra purification he has eliminated this fault. But it 
might be possible to work such a meter in a constant 
vacuum, so preventing oxidation of the mercury. 

Forbes' s Meter, — Professor Forbes relies upon con- 
vection currents in the air arising from a conductor 
heated by the current. The instrument consists of a 
horizontal ring of wire having a resistance of -j^ of 
an ohm. Motion is given to a kind of exceedingly 
light "windmill," also placed horizontally just over the 
conductor. The axis of the windmill is utilised to 
move the counting mechanism. This kind of meter 
has the advantage of being available either for mea- 
suring direct or alternating currents. 

Clock Meters, — These are now very numerous. One 
of the best known is that first suggested by Messrs. 
Ayrton and Perry, and brought out by Dr. Aron, in 
Berlin, where it has been in successful use in connec- 
tion with the large central station there. In its 
modified form it consists of two clocks, the pendulum 
of one of which is so influenced by a current-bearing 
coil that its rate is retarded. The retardation is as- 
sumed to be proportional to the current passing in 
the coil. The amount of the retardation is got by 
comparing this clock with the standard uninfluenced 
clock. But lately a differential gear has been put be- 
tween the trains, which enables the amount used to 
be read off" at once from the dials. The only differ- 
ence between the clock meters for direct and alternat- 
ing currents consists in substituting for the ordinary 
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metallic pendulum bob used for direct current a coil 
of wire, moving in an enveloping coil used for alternat- 
ing currents. The clocks are sprung to go for six 
weeks with one winding, while the readings are sup- 
posed to be taken once a month. 

It is a much more difficult problem to produce a 
satisfactory meter than is generally supposed. Many 
points require careful consideration. The chief of 
these are, no doubt, accuracy and range of working. 
Most meters are only reliable within a narrow range. 
Another point of greatest importance is a capability 
to check the voltage at work in the circuit. It is 
notorious that the voltage may be diminished without 
corresponding dipiinution in the chargeable value of 
electricity supplied. 

Patents for Induction Transfortners . — ^JablochkofF, No. 1,996 of 1887% 
Bright, No. 4,212 of 18-8. Edwards and Normandy, No. 4,611 of 1878. 
Deprez and Carpentier, No. 4,128 of 1881. Edison,'Nos. 3,752 and 3,949 
of 1882. Lane-Fox, No. 3,692 of 1883. Gaulard and Gibbs, No. 4,362 
of 1882. Deri and Zipernowsky, Nos.3,379and5,20i of 1885. Ferranti, 
No. 15,251 of 1885. 



CHAPTER IX. 

AliC AND INCANDESCENT LAMPS. 

An electric lamp is the apparatus at which the 
electric current is actually converted into light. 
Generally it consists of an arrangement of two car- 
bons for forming the electric arc between them. But 
the property of the electric current, by which it heats 
any highly resisting portion of the circuit, has been 
utilised in the production of a lamp in which a 
filament of carbon is heated to whiteness, which has 
been so successful that these incandescence lamps 
are coming into general use for both interior and 
exterior lighting. 

Arc Lamps, — When two pointed sticks of carbon 
attached to the two poles of a source of electricity, 
such as any of those previously described, are touched 
together, a current will pass, and the carbons may 
then be separated a certain distance without inter- 
rupting the current, which is carried on by the 
intermediate air heated by the current, and an ex- 
ceedingly brilliant light, which is termed the voltaic 
arcy will be produced between the carbons. 

Particles of burning carbon are projected from one 
carbon to the other and a portion of the light is 
attributed to this flow of burning matter, but the 
greater portion is due to the incandescence of the 
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carbon, or to a conversion of electric current into 
light, as inexplicable as that produced in a spark dis- 
charged between two conductors, or in a flash of light- 
ning. The researches of Capt. Abney, R.E., F.R.S., 
have shown that while the white light of the positive 
pole is always of the same composition in respect of 
the relative proportions of waves of different colours, 
the temperature of the arc from graphite carbon is 
also the same in arcs of different powers — the tem- 
perature of fusing graphite. 

The positive carbon, or thsit /rom which the current 
is generally assumed to flow, is, in voltaic arc lamps, 
consumed very fast, and becomes hollowed out, form- 
ing a crater, while the negative or receiving carbon is 
acted upon very slightly, and becomes pointed. Car- 
bon rods may bum at the rate of about 5 in. per hour, 
according to their size, and as they consume away 
must be fed up to each other in order to continue the 
light. This was formerly done by hand, but now it is 
effected by such perfect automatic lamps that the 
light is not only perfectly steady, but needs no atten- 
tion whatever for several hours together. It is no 
difficult matter to feed carbons by hand, by means of 
a screw attached to one of the pencils, and for taking 
photographs by quick-acting plates this will answer 
very well, but a lamp is the only satisfactory means 
by which ordinary carbon rods can be burned for 
general purposes. 

In another class of lamps the carbons are kept 
actually in contact. Thus, if pointed rods of carbon, 
or one pointed and one flat carbon or piece of copper, 
are attached to the poles of a source of electricity, and 
the two poles are brought together, a bright light 
will be produced at the point of actual contact, and 
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will remain practically steady as long as the carbons 
are kept together. This principle is adopted in several 
different kinds of lamps. The light is partly due to 
the incandescence of the carbon and partly to the 
voltaic arc produced round the point of contact. 
These devices are sometimes spoken of as ^^semi- 
incandescent lamps." 

Such lights are not so brilliant as those produced 
when the carbon pencils are actually separated. 
As early as 1 843 experimenters were at work upon 
this useful application of electricity, 
and the celebrated Foucault pro- 
duced the light from rods of gas 
carbon and a battery of Bunsen 
cells. Previously to this wood car- 
bon was frequently used, and among 
others by Sir Humphrey Davy, at 
the beginning of the present cen- 
tury, when he produced his (and the 
first) voltaic arc over the Royal 
Institution, from a battery of 2,000 
cells (page 2). 

It was soon found that the electric 
light was pot only independent of 
air or oxygen for support, but pos- 
sessed the properties of sun-light in showing all 
colours as they appear to the eye in sun-light. It 
was also found that no vapours, smoke, or appre- 
ciable (diffused) heat were given off by it, and that 
its chief peculiarity was exceeding brilliancy difficult 
of diffusion. 

Fig. 97 is an enlarged view of the carbon points 
as they actually appear when their image is thrown 
upon a screen for examination, p is the positive 




Fig. 97. 
Carbon Points. 
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or feeding end, and N the negative or receiving. 
The nodules observed chiefly on the lower carbon 
are impurities in the substance, which melt and stick 
to the points. The light itself is not only produced 
by electricity itself, but by millions of highly in- 
candescent particles carried from the positive to the 
negative carbon. 

The stronger the current under these conditions 
the more powerful the arc, and the greater dis- 
tance will the carbons admit of being separated 
without extinguishing the light. 

The power of electric light is usually expressed 
in terms of the standard candle, and varies from, 
say, lo candle power to 16,000, above which it has 
not as yet been found generally economical to go 
in one centre of light. 

It would appear that about the year 1845 the first 
patents were applied for in electric lamps or 
burners. The names of King and Wright are the 
first concerned in the invention of patented appara- 
tus of this kind. King's patent was for an incan- 
descent burner of platinum, and Wright used re- 
volving discs of carbon. Probably the best attempt 
at obtaining a steady light shortly afler this date 
( 1 846} was that of Staite and Edwards, who made a 
lamp in which two rods of carbon were pressed to- 
gether at an angle upon some badly conducting sub- 
stance. Greener, Staite, and Petrie then produced 
lamps of various kinds, and in 1848 a self-regulating 
lamp was made by Foucault. 

It will be unnecessary to give particulars of all the 
numerous, and often useless, pieces of electric lamp 
apparatus invented since 1845; we shall therefore 
describe only those lamps which have of late years 

p 
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been most extensively used, or are otherwise of prac- 
tical interest. 

' Carbons. 

As has been before stated, rods of charcoal were 
first employed as the points in the production of 
electric light. This was found to bum too fast, and 
is too easily split, although, when well prepared, it 
may be used for experimental purposes. 

The scale of deposit found in the interior of gas- 
retorts after use was found to be well adapted for the 
purpose. This substance is inexpensive, as it may 
usually be obtained for the trouble of carrying away ; 
but it is not, in its crude state, well suited to the pro- 
duction of steady light. It is very impure, containing 
various foreign earthy matters, sometimes metals ; 
but silica is the most troublesome constituent, as it is 
more difficult of fusion than the pure graphite. A 
good gas carbon is of a fine texture, and a clear grey 
colour. It is very difficult to cut or shape, on ac- 
count of its hardness. 

Many attempts have been made since 1846 to obtain 
a perfectly pure powder of graphite or other sub- 
stance suited to the steady production of light. 

Staite and Edwards* Carbons, — These were in use for 
a considerable time before other inventors came into 
the field. They were made by finely powdering the 
best gas carbon, mixing with a little sugar syrup, 
kneading and compressing in the shape of rods. 
They were then gently heated and saturated with a 
strong solution of sugar; they were then heated to 
whiteness, and were found to bum with tolerable uni- 
formity in good lamps. The same method, with the 
substitution of tar for the syrup, and the addition of 
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ground charcoal, was patented by Le Molt a few years 
later. 

Archer eau's Method consists of mixing with the 
ground and selected graphite some magnesia, which 
is supposed to render the light more steady. But it 
has been found that the addition of any substance 
more readily fusible than graphite invariably lowers 
the temperature of the arc and its consequent 
brilliancy. 

Carris Carbons. — These were for many years the 
standard carbon rods in use. He mixes with the 
substance certain proportions of potash and soda, 
which slightly lengthen the arc and are said to add to 
its brilliancy. Good carbons are made from the pow- 
dered carbon, lamp-black, and syrup of cane-sugar, 
with a little gum. The proportions may vary, but the 
following are recommended; — Carbon powder, 15 
parts; calcined lamp-black, 5; syrup, 7. These sub- 
stances are perfectly mixed, with a very little water 
added, when the mass is well pressed and rounded by 
being passed through a draw-plate. The rods are then 
baked dry, and while still hot are immersed in a solu- 
tion of cane-sugar or a strong syrup, which is pressed 
into their pores, and they are then again heated to a 
high temperature. Carr6 would appear to prefer 
coke-dust, as found in retorts, to ground carbon. 

Many attempts have been made to improve the 
conducting power and steadiness of carbons by coat- 
ing them with metals. They are almost all failures, 
except the method of coating with copper, which at 
least has the merit of diminishing the resistance of 
the carbon rod. Lamps are now in use by which the 
current is not caused to travel the whole length of the 
carbon. A great many mixtures have been tried both 
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inside and outside the carbons. Several varieties of 
tubular carbons are in use, while the very large car- 
bons used in lighthouses and for war signalling are 
usually of a fluted or pinion-form externally. 

Carbon rods frequently crack and split at the points, 
so extinguishing the light for an instant. This 
usually results from the use of inferior materials, and 
by employing rods of too small a body for the cur- 
rent. Carbons should be selected to suit the current 
to be passed through them. If they are irregular in 
composition they will crack, and whether regular or 
not they will crack when the current is too strong for 
their size. M. Gramme mixes with the powders 
nitrate of bismuth, which is of use in preventing 
cracking and augmenting the steadiness of the light. 

In arc lighting it is important to observe that the 
arc should be maintained as large as the electro- 
motive force of the electric source will permit. The 
length of the arc may vary from i millimetre (about 
the ^th part of an inch) to several millimetres. When 
the arc is too long, the light will become of an un- 
certain and flaming nature, and may be easily ex- 
tinguished by any diminution in the current strength. 
When the arc is too short, the light produced will be 
only partially diffused, and may be quite shut in upon 
every side by " mushrooms," or excrescences around 
the points, particularly the positive point. The hiss- 
ing noise made by the arc generally indicates the 
presence of impure carbon, or too short an arc. The 
carbon rods should be as large as the current from 
the electric machine will easily consume. If the rods 
are too thick, only a portion will be consumed at once, 
and not the whole sectional area of the rods. If the 
positive carbon should bum into several craters, it is 
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too large. If the carbons are too thin, they will be 
unduly heated throughout their length, and will offer 
great resistance. 



Lamps with Automatic Regulators for Arc. 

When the electric light is obtained by carbons 
separated a certain distance so as to produce the 
voltaic arc, the carbons consume away, and thus 
increase the length and electric resistance of the 
column of heated air between them. As the resist- 
ance increases, the current diminishes ; this decrease 
of current again lessens the heat of the column of air 
which has already been lengthened, thus the rapid 
increase of resistance soon causes the arc to cease 
altogether suddenly. To overcome this the carbons 
must be kept constantly at the same distance apart. 

In 1 846 Staite used clockwork to bring the carbons 
together, the rate of the clock being previously regu- 
lated to suit approximately the consumption of the 
carbons, but this was not found to answer, as the 
carbons burned irregularly. 

Attempts to make the decrease of current itself 
adjust the carbons were soon made. It is difficult to 
give the date of the earliest invention for this purpose, 
but Staite as early as 1847 patented a lamp in which 
the clockwork for moving the lower carbon is con- 
trolled by a movable weighted soft iron core acted on 
by a hollow electro-magnet. 

Probably the Foucault and Wilson lamps were 
the earliest. We cannot, however, pretend to place 
the various lamps in chronological order, but com- 
mence with the Serrin lamp, as a good type of the 
clockwork or self-regulating kind. 
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Actuating Devices for Arc Lamps. 

The devices resorted to by inventors are of various 
kinds, some of them extremely ingenious. The subject 
divides itself into two main branches : arc-forming 
or ** striking" devices, and "feeding" mechanism 
or driving power. The most generally used method 
for " striking " the arc was embodied in Staite's 
patent of 1847, and consists of an electro-magnet 
having its coils in the lamp circuit. In later forms a 
solenoid or "sucker coil," provided with a movable 
core in contact with the carbon to be moved, is very 
largely used. In some forms of lamp, however, the 
carbon points are continually kept apart save at the 
instant of " striking " the arc. The most generally 
favoured method of effecting this consists of a sole- 
noid of fine wire forming a by-path or shunt to the 
lamp circuit. This has its movable core connected to 
the carbons, or one carbon, so that when the current 
passes in the solenoid its attraction shall " strike " the 
arc by bringing the carbons together. As soon, how- 
ever, as the circuit of the lamp itself is thus closed, 
the solenoid necessarily loses power by little or none 
of the current passing that way (according to the law 
of resistances), and the arc is opened to the required 
degree. 

Feeding Devices. — These are extremely numerous. 
The great majority of lamps depend upon gravity for 
feeding, and in some cases for "striking" the arc 
also. The upper carbon-holder either descends by its 
own weight (Serrin's lamp, 1859) or separate weights 
are employed for the same purpose. Clockwork is 
also much used, generally under the control of the 
current ; springs of various kinds, as in Foucault's 
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lamp of 1848; electro- 
motors, consisting of 
rotating armature or 
vibrating lever, and (far 
more commonly used) 
solenoids, with parallel 
or double or single 
taper movable cores, 
balanced with the car- 
bon-rod, as in the Pil- 
senlamp (1888). 

The Serrin Lamp. 

Fig. 98 is a view of 
the interior of this 
lamp. A is an electro- 
magnet; B its arma- 
ture, which, when the 
current passes, is at- 
tracted, and through its 
connection with the 
sliding bar of the lower 
carbon, E, pulls it down, 
and makes the separa- 
tion. The apparatus is 
put in motion, not by 
a spring, but by the 
weight of the upper car- 
bon holder constantly 
tending downwards, 
which pressure com- 
municates motion to 
the train of wheels by 
its toothed rack, as 




Fig. 98.— Serrin's Lamp. 
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shown. The rate of descent in the upper carbon with 
its rack is, of course, regulated by its setting the wheel 
train in motion, which brings a detent, E connected to 
the left side of the lower carbon holder, to bear upon 
the arms of the radial fly-wheel lowest in the train of 
wheels. This locks the length of the arc until from 
burning away the current becomes weak, and the arma- 
ture is allowed to go upwards with its lower carbon 
holder. This it is enabled to do by the springs con- 
stantly pulling it away from the magnet. When the 
lower carbon is thus free to move upwards, the upper, 
its wheel train being free, by the check being taken off 
the radial fly, falls until the current is strong enough to 
again pull down the lower holder and to again bring 
the check to bear upon the radial fly, thus locking the 
distance. F is an adjusting screw, and the two upper 
screws are for the same purpose. This lamp is singu- 
larly efficient, and may be set in action by the most 
ordinary workman. 

Archereau's Lamp, 

Fig. 99 represents a lamp invented by M. Arche- 
reau. It is very simple in construction and action, and 
forms one of the best regulators for short periods in 
use, and is therefore recommended to amateurs for 
experimental purposes. 

Practical Directions. 

It consists of a bobbin or solenoid of No. 12 silk-covered wire, composed 
of one layer, or two at most, for weak currents, A ; having within it a 
colunm of metal, B. This cylinder is of soft iron. Its upper end, b, 
carries the lower carbon-rod, which is fastened by the set screw shown. 
The connection to this coil of wire is from the binding-screw to one 
extremity, while the other end of the coil has soldered to it a thin copper 
spring, pressing gently upon the interior column. The current thus pas-es 
to the lower carbon, while the other connection is made to the metallic 
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upright at D. This metallic pillar may be of brass, and carries a right- 
angle arm, to which the upper carbon holder is attached, as represented. 
A counterooise weight, c, is supported by a cord, which leads over the 
central pmley, and, passing under the lower extremity of the metallic 
column in the wire coil, supports it in position, with a gentle pressure 
between the carbon points. 

The connection with the electric source being made, the solenoid 
magnetises B, which is attracted into the coil. The action is as follows : — 
The ciurent passes into the coil, up through the carbons, and at once 
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separates them. If the separation has been too sudden or far, the weight 
will bring the points nearer to each other again. The arc is established as 
soon as the current passes, and the weight should so counterbalance the 
column that its action may not be too strong for the current. It will be 
found best to have the counterpoise adjustable. 

Fig. 100 represents a coil and bobbin of wirefor thislamp, having within 
it the iron column, with the carbon-rod fixed in the top. For a lamp to 
bum, say, for i J hours, with a light of 500 candles, the wire may be No. 12, 
and it should be silk-covered. 

The bobbin should be of hard wood, with a thin tube. It may be 5 



2l8 



ELECTRIC LIGHT. 



inches lonp, and the central chamber may be }-in. in diameter, while the 
diameter of the sliding column may be J-in. or even less. The total length 

of the column may be 7 inches, and ii 
should be provided with a brass or iion 
socket, having a f-in. hole in its end 
for the reception of carbons of different 
sizes. 

The total height of the lamp may be 
13 inches, and the cord pulley must be 
placed above the middle portion of the 
main pillar, as represented, in a slot 
cast or cut for it. It will be found 
convenient to have the right-angle arm 
adjustable around the main pillar as an 
axis by a thumb-screw ; and it is useful 
to have the top carbon screw or socket 
drilled right through, so that the car- 
bons may be pushed downwards, from 
the upper side. 

The base must be solid and firm. It 
will be found best in most cases to pro- 
vide one of cast-iron, and to insulate the 
binding-screw from it by fastening a 
block of wood in a J-in. hole cast in the 
base. 

Of carbons, the size will depend alto- 
gether upon the strength of current to 
be used in the production of the light. 
Thi< lamp is very weU suited to the 
current as obtained from voltaic batteries, 
and it will prove useful to give sizes of 
carbons best suited to different strengths 
of >uch currents. 

A current from 50 cells of the Bunsen, 
or 40 of the bichromate of potash cells, 
will consume from J to i^-in. carbon 
rods, and if the cells are large the car- 
bons may be ordinary f rods ; for smaller 
numbers of cells the |-in. rods will be 
found quite large enough. Round rods 
are better in work than square rods. They should be pointed on com- 
mencing the light. 



Fig. 100.— Bobbin for Archereau's 
Lamp. 



Brockie-Pell Lamp. 

This has proved itself one of the most successful of 
modern arc-lamps. It is controlled by means of both 
shunt and series solenoids with movable cores. 

Fig. loi exhibits in outline the main features of the 
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active parts of this lamp. These consist of a pair of 
solenoids, one of 
which is in the cir- 
cuit of the lamp and 
the other acting as 
a shunt, and wound 
with fine wire. The 
solenoids, a a^y have 
movable plungers, 
which are in turn 
connected to a 
vibrating beam, dy 
pivoted at c. The 
main novelty lies, 
however, in the 
large brake-wheel, 
carrying a pinion, 
dy gearing into a 
rack cut in the 
upper carbon-rod, 
e. The weight of 
the carbon-rod 
causes the pinion 
and brake-wheel 
to revolve, but the 
movement of this 
is checked by an 
internal brake ar- 
rangement acting 
upon an interior 
flange of the wheel. 
The brake or nip- 
per - lever, /, is 
pivoted at that point to a quadrant piece moving 




Fig. 101. — Brockie-Pell Lamp-Action. 
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independently upon the same centre as the pinion, 
the little leather-covered roller depending from the 
nipper-lever forming the brake proper. The lever is 
jointed to the overhead-beam, 3, and so is under the 
control of the series coil. A stop, g^ is provided to 
limit the movement in that direction. 

It will be observed that, supposing the carbons to 
be in actual contact and the current were passed, 
the series solenoid would draw up its core along with 
the lever and brake-arm, so locking wheel and brake 
together. A still further pull of the solenoid will 
strike the arc by a movement of wheel, pinion, and 
rack. When the arc becomes abnormally long, the 
current in the solenoid will be weakened, and the 
brake-lever will gradually slip back out of contact, 
and allow the rack to rotate pinion and wheel in its 
descent, when the re-establishment of the normal arc 
gives the solenoid its proper strength to retain its 
hold or re-lock the wheel. 

The quadrant-piece carries two little weights, 
i and i. Such a lamp, having both shunt and series 
coils, can be used either in series with other lamps 
or in the parallel system of distribution, in which the 
lamps merely bridge across the mains, either singly 
or in series of two or three. In the former case (series 
working) the shunt coil will chiefly actuate the lamp. 
In the latter case the series coil will control the lever, 
while the shunt will merely retain a hold upon its 
core so long as the potential remains constant. The 
shunt coil-core in the lamp under consideration is 
fitted with a means of making magnetic contact 
with an iron washer in the extremity of the rocking- 
lever. 
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Clutch Lamps in General. 

The principle of working the lamp with a friction- 
clutch and wheel is becoming very common. Clutches 
or drivers of various kinds are used. A very good 
form is that of a loose steel band encircling the flange 
of the wheel. A pull from the solenoid or magnet 
tightens this around the flange, while any further 
motion carries wheel and clutch forward as one. The 
wheel almost invariably gears into a rack by means 
of peripheral teeth or a pinion. Such spring-clutches 
are either external, as in Statter's lamp of 1885, or 
internal, as in Siemens' holophote lamp of 1887. 

Another order of clutches are those the first of 
which appeared in the year 1852 in Slater and 
Watson's patents, and used later by Brush and 
many other inventors. Toggle-joints have also been 
resorted to, as in Joel's lamp. 

Focussing Lamps. 

These are lamps in which, as for lighthouse pur- 
poses, the arc must occupy one position. In this 
case both carbons must be fed as required, and there 
are several lamps meeting this requirement. 

Gaiffe's Lamp. 

This lamp bears a strong resemblance in principle 
to the regulator devised by Archereau, described 
above. 

It has a vertical coil of thick wire (Fig. 102), into 
which the lower carbon bar. A, is drawn when the 
current passes. This bar, unlike that used in Arche- 
reau's lamp, is toothed throughout a portion of its 
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length, and actuates a wheel of 25 teeth, the axis of 

which carries another 
wheel of 50 teeth, insu- 
lated from the axis. 
The second, or largest, 
wheel engages another 
racked bar, B, actua- 
ting the upper carbon, 
and any motion of the 
first bar in its coil gives 
a rate of approximation 
of 2 : 1 to the bars, the 
upper having, of course, 
to move the faster to 
make up for the greater 
length burnt. 

Fig. 103 shows the 
racks, E and E ; F is a 
pair of wheels bearing 
the ratio 2 : i to each 
other's effect upon the 
racks. 

In order to maintain 
the contact between the 
carbons when the cur- 
rent is not passing, a 
clock-spring is provided 
upon the axis of the 
wheels, and this con- 
stantly urges the car- 
bons together. The 
^ .«, , T strength of this spring 

Fig. 102.— Gaiflfe*s Lamp. o , fj 

is such, that the pull 
of the bobbin upon the lower bar, when the current 
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Figr. 103. 
Lamp Rack- 
work. 



passes, will overcome it, and separate the carbons to 
the required distance for the production of a brilliant 
light. 

All the parts of each carbon holder are, 
of course, insulated from each other. 
There is a great advantage in this 
arrangement, as applied to such purposes 
as require the light to occupy one point 
continually, such as in lighthouse illumina- 
tion and the working of various instru- 
ments, including optical-lanterns, &c. It 
is a well-constructed and arranged lamp, 
and on account of its simplicity its work- 
ing may be understood at a glance. The 
Gaiffe lamp is* not, however, adapted for 
the consumption of very large and long carbons. 
Otherwise it may be said to possess all the advan- 
tages claimed for the Serrin lamp. It is fixed upon 
a steady base, and a circular metallic case encloses 
the working parts. 

Duboscq's Lamp. 

The regulator connected with the name of Duboscq 
was invented originally by Foucault, though the me- 
chanism has been considerably improved by Duboscq. 
This lamp is well known in England, as it was for a 
long time the only efficient regulator of vertical car- 
bons obtainable. It has had considerable application 
in the production of electric light for demonstrating 
purposes, such as the experiments of lecturers and 
occasional displays. 

It has the same kind of regulating arrangement as 
Gaiffe's lamp. The racks are, however, in this arrange- 
ment actuated entirely by a clockwork spring and 
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train, and the current only performs the part of stop- 
ping and releasing this train when the carbons are 
apt to go too near to each other, or the current be- 
comes too weak by too great separation of the points. 
Fig. 104 exhibits the arrangement adopted for stop- 
ping and releasing the train as required. A is a 
metallic finger or detent, which stops or releases the 
mechanism contained in a case above. B is a soft 
iron armature to which the detent is attached ; c is an 
electro-magnet, by which the current is enabled to 




Fig. 104. — Detent of Duboscq's Lamp. 

control the movement of the parts as required. D is 
an arrangement controlling the spiral spring shown, 
which balances the attractive force of the magnet 
when in work. 

The current may be said to have almost perfect con- 
trol over the movements of the points, and permits 
approximation to each other until the arc or separa- 
tion for light is of a suitable length for the current to 
maintain. The arrangement D, acting upon the an- 
tagonistic spring, enables the adjustment of the lamp 
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to any given strength of current to be easily made by 
hand before closing the circuit* In this lamp also the 
points are kept as nearly as possible in one position, 
and for this reason the arrangement is suitable for 
lighthouse work. 

Siemens' Lamp. 

This lamp was originally devised by Herr Hafner 
von Alteneck, who was the 
inventor of the particular 
mode of winding the wire on 
the armature in the Siemens' 
dynamo-electric machine in 
its present form. 

As in several other lamps, 
Siemens' apparatus has the 
carbon holders racked. The 
pinions of the racks are on 
one axis, and of such diame- 
ters that the upper carbon has 
double the run of the lower. 

Fig. 105 exhibits the chief 
peculiarity of this lamp. It 
will be observed that it con- 
sists of an electro-magnet 
arrangement, A, L, T, through 
which motion may be commu- 
nicated to the ratchet wheel, 
U, by the pawl S. L is the 
fulcrum of the magnet arma- 
ture, which is caused to oscil- 
late opposite to the poles of 
the electro - magnet, E, by 
reason of a contact-breaking 

Q 




Fig. 105.— Siemens' Lamp. 



arrangement being 
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situated at C, with an adjustable platinum-tipped 
screw. The armature is pulled from the magnet 
poles by an antagonistic spring /. When the spring 
is enabled, by the cessation of magnetism in the 
magnet, to pull to itself the armature, the pawl, S, is 
compelled by a pin to leave the teeth of the ratchet 
wheel, U, and the upper rack may then descend, 
causing, as it does so, the under rack to ascend at 
half the speed. The current passes, as indicated by 
the arrow, up one wire and rack and down the other. 

This lamp is suited to work either with alternating 
or direct currents, but if alternating currents are 
used, there is no need for the contact-breaking stop, 
C, the change of polarity in the connections giving 
the required motion. 

In the case of a direct current, the action is as fol- 
lows : — As soon as the current passes, a small light is 
shown at the point of contact of the carbons, and this 
passage of current causes the electro-magnet to work 
the armature with an oscillating motion until the 
pawl has separated the carbons through the rotation of 
wheel u. When the separation is suflScient the current 
is weakened, and the antagonistic spring prevents the 
weakened magnet from giving further motion to the 
wheel. A continuous check is thus kept upon the 
falling tendency of the rack with the upper carbon. 
This lamp is admirably suited for lighthouse and 
general purposes. 

The Siemens and Hafner-Alteneck Pendulum 
and Differential Lamps. 

The pendulum lamp, the invention of Herr Hafner 
von Alteneck, recommends itself at once by the almost 
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total absence of wheels and the simplicity of its moving 
parts. The lower carbon holder is in this lamp a 
fixture, and the upper carbon holder is formed by a 
rack, which in sinking down turns a pinion. In order 
to moderate the speed with which this pinion turns, a 
common escapement-wheel with its pendulum is fixed 
to the same axle. A movable frame, serving as a 
guide to the upper carbon holder, carries the pinion, 
and the pendulum, being lifted, more or less, by a 
solenoid acting on an iron core connected to the 
framing. During the normal burning of the lamp, a 
small lever fixed to the movable frame catches the 
pendulum, preventing it from moving, and thus keep- 
ing the upper carbon holder stationary. When the 
arc becomes too large, or the current is weakened by 
other causes, the solenoid will let the frame drop a 
certain distance; the free end of the little lever is 
arrested by a projection of the lamp-casing, and the 
pendulum is free to move. The upper carbon will 
then at once descend, but as soon as the distance 
between the carbons is diminished, the strength of 
current will increase, lift the frame, and the little 
lever will again stop the downward motion of the 
upper carbon holder. In order to lessen the sudden- 
ness of the motion of the framing, an air-pump is con- 
nected with it, and a spiral spring is attached to the 
core, by which the attractive force of the solenoid can 
be more or less assisted according to the strength of 
the current. In practical work this form of lamp has 
proved' to be very efficient, as its management is 
easily understood. Similar lamps have been used in 
the British Museum, where all the apparatus has been 
managed, after the first fortnight, by the Museum 
authorities themselves, and no difficulty has been 
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experienced by them in maintaining the regulators 
in good working order. Lately these lamps were 
exchanged for others which work on the same prin- 
ciple, but have the case containing the solenoid and 
the moving frame above the point of light. This 
modification has been adopted because it facilitates 
the construction of suitable lanterns, but it does not 
differ from the form fibrst described in the way of 
regulating the approach of the carbons. 

In the lamps just described, as in most of those of 
other makers, the strength of current regulates the 
distance of the carbons, and the consequence is, that 
it is not in every case practicable to connect two or 
more of them in one circuit. To overcome this diffi- 
culty, Mr. Von. Alteneck used another principle, which 
in some respects resembles that of the pendulum lamp. 
The upper carbon is attached to a similar rack moving* 
in a slide, and turning a pinion with pendulum at- 
tached, but the motion of the movable frame is 
governed by fwo solenoids instead of one. The frame 
is attached to a lever, which carries a double iron core 
reaching into the two solenoids. One of these acts in 
the same way as the solenoid of the pendulum lamp, 
separating the carbons whenever a current passes 
through it. The other one consists of fine wire 
having a high resistance, and forms a shunt to the 
main circuit, the ends of the fine wire being con- 
nected direct to the terminals of the lamp, and by at- 
tracting its core it brings the carbons together or 
releases the pendulum respectively. The action of 
these solenoids will, therefore, be balanced when the 
difference of potential on the two sides of the arc is 
of a certain magnitude, depending on the relative 
position of the two coils and the resistance of the wire 
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on them. By this arrangement the quantity of the 
current flowing through the lamp has no influence on 
the relative position of the carbons, and nothing pre- 
vents a large number of them being inserted into one 
circuit. In producing light by alternate currents as 
many as 24 of these lamps have been worked in series, 
and their behaviour was all that could be desired. In 
order to make these lamps independent of each other 
a little contact piece is attached to the movable frame, 
which makes a short circuit from one terminal to 
the other whenever the 
frame is in its lowest 
position. 

The principle of the 
action in this differen- 
tial lamp is exhibited 
by Fig. 106, where g 
and h indicate the car- 
bons held respectively 
in the sockets a and ^, 
and provided with 
means of feeding as 
they are consumed. 
One socket, a^ is at- 
tached to one arm, ^, of a lever pivoted at d^ and 
having its opposite arm, Cy connected to a piece of 
non-magnetic material uniting a pair of iron cores, 
^ s\ The core s is free to play up and down 
within a solenoid R, the coil of which is of large 
wire offering small resistance, and forms part of the 
lamp circuit. The core s! is free to play up and down 
within a solenoid T, having a coil of smaller wire 
offering a greater resistance than the coil of R. The 
coil of T is in a circuit external to the lamp, that is to 




Fig. 106. — Siemens' Differential Lamp. 
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say, joining the conductors L L', excluding the car- 
bons. When the solenoid R, being excited, draws in 
its core s the points of the carbons are separated ; 
when on the other hand the solenoid T draws in its 
core /the carbons are caused to approach each other. 
As the relative force of the two solenoids depends upon 
the strengths of the currents of electricity passing re- 
spectively through the coils, and as this depends upon 
the relative resistance of their respective circuits, the 
one circuit, consisting of the coil T and its connec- 
tions to the main circuit of L l', and the other, consist- 
ing of the coil R, the two carbons, and the arc between 
them, that portion of the latter which consists of the 
arc being dependent on the distance of the carbons 
apart, this distance will become adjusted automati- 
cally by the action of the two solenoids, so as practi- 
cally to maintain constant the action of the lamp. 
If, for example, the carbons should be too near 
together, a larger proportion of the electric current 
passing through coil R than through coil T will cause 
the superior attraction of the core ^, separating the 
carbons, and thereby increasing the resistance of the 
arc between them, and so lessening the quantity ot 
electric current that passes through them. If, on the 
other hand, the carbons should be too far apart, then 
the coil R, being less excited than the coil T, will 
exert less attractive force on its core s, permitting 
the other core / to be drawn into its coil, and thus 
causing an approach of the carbons which will lessen 
the resistance of the arc between them, and so permit 
the passage of a larger proportion of the current 
through them ; thus the regulation of the lamp being 
dependent only on the resistance of its voltaic arc, 
and independent of the strength of current, the action 
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of any one lamp in a circuit will not affect that of 
other lamps in the same circuit, and consequently a 
number of such lamps can, by means of this inven- 
tion, be effectually worked in one and the same 
circuit. 

Both in the " pendulum *' and in the " differential " 
lamp the lower carbon is fixed, the focus of the light 
will therefore gradually descend. For some purposes 
it is, however, necessary to keep the focus in the 
same place, and Dr. William Siemens suggested a 
simple contrivance to attain this end. The lower 
carbon is enclosed in a tube and, by means of a fine 
wire, a roller and a weight, is pushed against a screw 
fixed to the upper end of the tube. As the carbon 
wastes away by the action of the current, fresh carbon 
is fed upwards by the weight, and the shape which 
the carbon assumes admits of the screw being far 
enough away from the arc to prevent its being in- 
juriously affected by the heat. It is obvious that in 
such a case much longer carbons can be used, and 
that the time during which a lamp can remain alight 
without removal of carbons, is thereby very materially 
increased. 

This " abutment *' pole is employed for both elec- 
trodes in the last form of lamp invented by Dr. 
William Siemens, but the sprew, against which the 
carbons are pressed, has been replaced by a knife- 
edge, which appears to give better results. In this 
lamp the carbons are placed horizontally, and their 
tubes are attached to bell-crank levers, the other ends 
of which support the core of a solenoid, on which 
fine wire is wound, forming a high resistance shunt 
from one terminal to the other. The action of the 
lamp is very simple ; the weight of the core, which 
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can be varied at will, keeps the carbons apart when 
no current passes. As soon as a current arrives the 
solenoid will lift the core, the carbons touch for a 
moment and the arc is established, the further regu- 
lation depending again on the difference of potential 
onlyy and being independent of the strength of the 
current. No wheels whatever enter into the con- 
struction of this lamp, and all its parts are exceed- 
ingly simple. 

Thompson-Houston Lamp. 

This has been one of the most successfid lamps. It 
depends upon the clutch principle, somewhat as used 
by Brush and others. The diagram (Fig. 107) repre- 
sents the main portions of the lamp and the con- 
nections to the coils. The shunt and series coils 
control the magnetic pull of two conical pole pieces, 
the extremities of which move the upper and lower 
ends of a rocking-lever, a^ pivoted there. This lever 
ha3 an extension, by the amplified movements of which 
are controlled by an air dash-pot. This extension 
carries a clutch-piece, Cy jointed to an upper clutch- 
piece, dy and the upper carbon-rod of the lamp passes 
through narrow apertures in both. Now, if the series 
(lower) coil were to pull inwards the lower extremity 
of the lever, tf, the twin clutch would close together, 
so nipping the carbon, raising it, and establishing 
the arc. As the arc increases in length, so weakening 
HaQ proportion of current passing in the series coil, the 
portion passing in the shunt coil increases, and that 
coil begins to exert an effect upon its (upper) end of 
the lever. The carbon is thus released by the clutch 
being partially opened, and the arc shortened by the 
carbon falling the required distance. Too sudden a 
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fall would be at once checked by the current in the 
series coil becoming proportionally stronger. Thus, as 




t^ 



Fig. 107.— Thompson-Houston Lamp-Action." 

in most lamps of this type, the arc is " struck 



main current and "fed' 



by the 
by the by-pass or shunt. 
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Should the lamp from any cause become extinguished^ 
and the current interrupted through the lamp proper^ 
an augmentation of the current in the shunt, with the 
corresponding weakening of the series coil, would 
cause the lever, a, to move to the left at the bottom,, 
so making a main circuit contact at ^, through the 
resistance, so crossing the lamp out of circuit. The 
current then would flow direct from / + to /— . The 
resistance coil is intended to be equal to the average 
resistance of the lamp. The adjustment coil is used 
to suitably balance the lamp at the outset. 

Lontin's Lamp. 

M. Lontin, inventor of the Lontin dynamo-electric 
machine, has sought to improve upon the well-known 
Serrin lamp by introducing parts for its working of 
greater simplicity than hitherto. 

It would appear that this inventor bases one part of 
his improvement upon the Serrin lamp upon the ex- 
pansion of a metallic bar by the passage of the cur- 
rent through it, and by substituting this bar for the 
electro-magnet employed in Serrin's lamp. 

M. Lontin has also invented a form of lamp in which 
any length of carbon-rods may be employed. The 
lamp and carbons in this invention are horizontally 
placed, instead of vertically, as in most other lamps. 
The carbon holders are hollow throughout, so that any 
required length of rod may be inserted in them. 

One of the carbons, as it passes through its sup- 
port, is moved by a pair of rollers bearing with gentle 
pressure against it. This rotation is kept up by bevel 
wheels actuated by a spring and clock movement in 
the case of the lamp. 

There is a disadvantage, however, in placing the 
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carbons horizontally. Vertical arcs are found to be 
much more effective, current for current, than hori- 
zontal arcs. 

Carre's Lamp. 

The inventor of the Carr6 induction (high tension) 
machine has produced a lamp which is judged by 
some to be an improvement on Serrin's lamp. He 
employs a double solenoid instead of an electro- 
magnet, which is supplied with an armature of S 
shape. This armature is caused to oscillate round a 
spindle, or pivot axis, at its centre, and the two ends 
enter a curved bobbin. When, from any cause, the 
current is interrupted, this armature is withdrawn by 
springs as usual, a detent releases the mechanism, 
and the carbon points come into close contact, so 
re-establishing the current. As in Serrin's lamp, the 
mechanism of Carry's device is actuated by the falling 
weight of the upper carbon holder. 

When the current passes, the ends of the armature 
are sucked into the solenoid, and the carbon points 
are at once separated to the distance required to pro- 
duce the voltaic arc. 

Brush's Lamp. 

The arrangement of the controlling device in this 
lamp admits of a large number of arcs being main- 
tained in one circuit. The lamp consists essentially 
of three parts, namely, an arc-regulating device in 
two parts, and an automatic " cut-out," which throws 
the lamp out of the circuit if it becomes faulty. 

The arc-controlling arrangement consists essenti- 
ally, in the first place, of an electro-magnetic sole- 
noid A (Fig. 108), forming a hollow cylinder. It is 
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wound, in reverse directions, with two helices of wire, 
consisting, the first, of one or two layers of thick 
wire, and, secondly, of several layers of fine wire. The 

thick wire coil is in 
circuit with the arc, 
and offers no appre- 
ciable resistance, and 
the most of the cur- 
rent passes through 
it. The thin wire coil 
is really a shunt to 
both the thick wire 
coil^^ the arCy and 
offers a resistance 
of about 200 ohms; 
thus, as long as the 
current passes 
through the carbons 
a small portion oi 
the current passes 
through it and a- 
round the cylinder 
in the opposite direc- 
tion to the course of 
the main current. 
The electro - mag- 
netic effect of the 
thick wire solenoid 
is therefore partly 
neutralised by that 
of the thin wire 
solenoid ; for although only a hundredth of the main 
current flows through the fine wire coil its influence 
upon the attractive power of the cylinder is very con- 




Fig. 108.— Part of Brush's Lamp. 
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siderable, owing to the greater number of convolutions 
it takes around the core. The real part played by this 
device is described further on. Meantime, it is neces- 
sary to describe the nature of the device by means of 
which the motion of the carbon is controlled. In this 
lamp the lower carbon is fixed ; the upper carbon-rod 
is therefore that under the control of the current. 

B is a hollow iron core, fitting easily into the aper- 
ture in A. This core is free to move up and down a 
short distance. Within the core, B, is a brass rod, C, 
which also constitutes the upper carbon holder. This 
rod is loose in the aperture of D. At D is shown 
a lifting finger attached to B ; its extremity is curved 
and passes underneath a brass washer or annular 
clutch, D, placed somewhat loosely on the rod C. This 
annular clutch is otherwise quite free. 

E is a set screw, which is adjusted by hand. It is 
intended to control the movements of the clutch, D, 
by being screwed more or less down upon it. 

If one wire from the dynamo-electric machine is 
connected to the lower carbon, while the other is con- 
nected to the commencing end of the wire coil. A, the 
other extremity of which communicates with the 
upper carbon holder, the current will pass through 
the thick wire coil, the upper carbon, the arc, and the 
lower carbon, so completing the circuit. ^The core 
cylinder, B, is then, by the force of the magnetism 
created, drawn up into the interior of A. By means 
of the lifting finger, D, it raises that edge of the 
clutch, until, by the latter's angiilar pressure upon it, 
the rod C is lifted upwards, and will be raised to such 
a height as may be determined by the height of the 
thumb-screw, E. As long, then, as the magnetism 
remains the same, the rod C, with its upper carbon. 
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will remain fixed. While the current is not passing, 
the rod, C, is quite free to descend until its carbon 
point is supported by the lower carbon. This is the 
condition of the parts when the lamp is out of action, 
or when, by accident, the circuit is broken. 

As soon, however, as the current passes, the core, 
B, is sucked into the cylindrical cavity of the bobbin, 
A, and in being raised also raises the washer by its 
finger, D, and with it the rod and upper carbon, C, 
until the voltaic arc is established between the 
carbons. 

A pair of springs is represented in the figure, one 
on either side of the core, B. The function of those 
spirals is to support the weight of the core, B, with 
the aid of the induced magnetic attraction when the 
current passes. As the carbons are consumed the 
length of the voltaic arc increases, and with the in- 
creased resistance the current diminishes in strength. 
This weakens the magnetic pull of the wire coil, and 
the core, B, with the rod, C, and upper carbon move 
downwards by the action of gravity, until the con- 
sequent shortening of the voltaic arc so diminishes 
the resistance and increases the strength of the cur- 
rent that this downward movement is stopped by the 
increasing pull of the magnetic helix. A; or the 
clutch washer, D, will reach its floor or ^late and its 
downward movement will be stopped, when any 
downward movement of the core, B, however slight, 
will at once release the rod, C, by allowing it to 
slide through the washer until the washer is again 
tilted by the upward movement of the core, B, due to 
an increase of magnetism. 

The carbon holder rod, C, is hollow, and contains 
a mixture of glycerine and water) in which a small 

\ 
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piston or valve is hung from a cast-iron hood, in 
order to prevent the upper carbon from falling too 
rapidly when released. This arrangement is called 
a " dash-pot." 

So far, the action of the solenoid is much the same 
as^that in other lamps ; but the distinguishing charac- 
teristic of Brush's lamp lies in the counter-controlling 
influence of the fine wire shunt, before mentioned. 
It will be clear that when the current flows it passes 
in opposite directions around the soft iron core, and 
that the latter will be attracted upwards if the current 
in the thick wire coil preponderates over that in the 
thin wire coil. If under these conditions the arc 
should become too long, the current through the 
thick wire will be weakened, and that in the thin 
wire will be proportionately strengthened. The pull 
upon the core will therefore be weakened, and the 
upper carbon will slide slowly downwards until the 
arc is shortened and the current through the thick 
wire strengthened. If the arc should become too 
short, the current in the thick wire will be increased 
and that in the thin wire diminished. The iron core 
will therefore be attracted upwards, and its annular 
clutch will raise the upper carbon until the length of 
the arc balances the attractive power of the solenoid. 

It is this' arrangement which allows of several of 
the arc lamps being included in one circuit. As 
many as forty, or more, arcs are so included in the 
working of the Brush system. 

In the ordinary arc lamp we may conceive the 
secondary or shunt solenoid absent, and it will not 
be difficult to see that the regulating of its arc will 
depend entirely upon the strength of the main current. 
Hence, when more than one common lamp is so 
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worked in one circuit, confusion at once ensues. In 
the Brush system, as in tiiat of Siemens' differential 
lamp^ the arc is controlled not by the strength of the 
main current, but by the difference between the influ- 
ence of the thick wire solenoid and that of the thin 
wire solenoid. The Brush lamp is therefore also a 
differential lamp. 

But although the difierential regulator serves to 
control the arc of the lamp while the circuit is com- 
plete, and although it effects this quite independently 
of the main current strength, a serious defect would 
.still exist in the system if the lamps were liable to 
become extingfuished, because the interruption of the 
current in any one lamp would extingfuish every 
other lamp in that circuit. The second distinguishing 
feature of the Brush lamp overcomes this difficulty 
in a most ingenious manner. An automatic "cut- 
out " is arranged, and so adjusted that if the carbons 
should bum out, or by any other accident the current 
should be interrupted, the whole lamp may be thrown 
out of the circuit. 

This is accomplished by means oi another but 
smaller solenoid, similar to that already described. 
This solenoid is also wound with a short thick wire 
and a long thin wire. The long thin wire is in circuit 
with the thin wire of the arc- regulating solenoid. 
The thick wire, when in circuit, forms a shunt or by- 
pass to the whole lamp. Should the lamp become 
extinguished from any cause, as from the burning out 
of the carbons, the current in the fine wire of the arc- 
regulating solenoid would become abnormally strong. 
The same current would flow through the " cut-out " 
solenoid, and cause it to close the main circuit through 
its short thick wire, so throwing the arc-regulating 
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solenoid out of the circuit. The current would then 
flow past the faulty lamp to the next. In the " cut- 
out " solenoid both currents flow in the same direc- 
tion. 

These arrangements are represented in the diagram 
Fig. 109. A represents the arc-regulating solenoid, 

H 




Fig. Z09. — Diagram of Brush's Lamp. 

the main current from the junction-point x being 
divided into two branches, part of it flowing through 
the fine wire, which encircles both solenoids, and so 
to C and N, and the rest through the thick wire of A, 
and so through the arc to N. E represents the solenoid 
or electro-magnet of the " cut-out." The thick wire 

R 
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with which it is encircled terminates at the block G 
and is in connection with N. F represents an iron 
armature, which is normally kept away from E by an 
antagonistic spring. When the current at the arc 
altogether fails, that portion flowing through the fine 
wire of E will become abnormally powerful, and E 
will attract F, and so close the thick wire shunt at the 
point G. This short -circuits the arc and the solenoid 
A, the result being that the proportion of the current 
now flowing in the fine wire is very small, and E 
would loose its power to attract F, did not the main 
current now flow in the thick wire round E. F, there- 
fore, will maintain the contact at G so long as the cur- 
rent continues to flow in the circuit. 

The ordinary length of the carbons employed in the 
Brush lamps is 12 inches. They are usually copper- 
coated to increase their conductivity, and vary in 
diameter from -^th inch to i inch, according to the 
power of the arc to be produced. 

The ordinary lamp with a single pair of carbons 
burns eight hours. The Brush lamp with two pairs 
of carbons burns sixteen hours. In this lamp one 
arc-regulating solenoid controls both carbon-rods. 
The annular clutches upon the rods are so adjusted 
that one raises its rod J inch above the other, so that 
the second pair of carbons do not come into action 
until the first pair are burnt out and allow the second 
carbons to fall into contact. 

Wallace-Farmer Lamp. 

Fig. 1 10 is an illustration of this lamp. A A are two 
plates of carefully prepared carbon, and the object of 
the invention is to so cause the light to burn between 
them, that the automatic adjustment so often neces- 
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sary in other lamps is here only necessary about every 
half-hour. The plates in the latest form of this lamp 
are about 9 in. long, 5 wide, and the upper is double 
the thickness of the under — this thickness in turn de- 
pending upon the strength of the current to be 
employed. The lower plate is fixed to the frame, but 
the upper plate is under the control of an electro- 
magnet through the rod B. This provides for the 




Fig. 110. — The Wallace- Farmer Lamp. 

contact between or separation of the plates, as the 
current may require, to produce the maximum 
amount of light. The electro-magnetic arrangement, 
C, consists of an ordinary electro-magnet, having its 
poles downwards, and the rod D B has attached to it 
a soft iron armature. When no current passes, the 
electro-magnet has no effect, and one carbon rests 
upon another; but when the current is passed, the 
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arc of light forms where there is least resistance, and 
the electro-magnet at the same instant pulls up the 
upper carbon and makes the required separation. 
The distance between the plates may be regulated to 
a nicety to suit any current. 

The light, as before stated, starts at the point ot 
least resistance, and it bums its way horizontally 
along the carbon edges and back again until the arc 
is too long, when it is necessary to screw down the 
rod D a turn or two. In this way the lamp may burn 
for many hours at a time. As many as lo of these 
lamps have been maintained in circuit of a Wallace- 
Farmer machine. It was tried in England, and gave 
considerable satisfaction. It is, however, unsuited to 
purposes requiring the light to be kept in one point. 

Rapieff's Lamp. 

The leading peculiarity of M. Rapieff's lamp con- 
sists in the use of duplex carbons. Most other lamps 
employ only one solid carbon-rod for each burning 
point ; but Rapieff uses two — that is, four altogether. 
These rods are inclined to each other to form one up- 
right and one inverted v, and at the point of intersec- 
tion the electric arc is produced as in other lamps. 
The rods used by this inventor are necessarily of half 
the sectional area they would have if not double. 

Fig. 1 1 1 will give some definite ideaof these arrange- 
ments, where the four rods are represented in the 
interior of a glass globe nearly in contact. The upper 
pair of rods are always the longer, because they burn 
away the faster. The duplicate arrangement of the 
rods presents the advantage that one of them may be 
removed and renewed without extinguishing the light. 
This is the chief feature of the whole arrangement. 
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M. Rapieff also recognises the advantage of making 
the electrical contact with the rods as near to their 
points as possible. This has the effect of greatly 
decreasing the resistance of the lamp. 

The upper carbons are free to slide in their holders, 
and as their points come into actual 
contact, they are stopped from further 
motion. As far as this end of the cir- 
cuit is concerned it is self-feeding, for 
as fast as the points bum away the 
length is renewed by their weight 
pressing them downwards. 

When the current is interrupted, the 
two pairs of points come together by 
movement on the part of the lower pair 
only. As long as the current does not 
pass, a light spring supports the lower 
pair, and gently presses them against 
the upper pair. Fastened to the free 
end of both upper carbons is a silk 
thread, which passes over a pulley, 
and is attached to a sliding-weight in 
the supporting pillar of the lamp. 
When the current passes, the lower 
pair of carbons is caused through its 
spring to be separated the required 
distance to produce the arc. There 
is communication between the vertical 
rod actuating the lower carbons and 
an electro- magnetic arrangement concealed in the 
base of the lamp. 

This consists simply of two electro-magnets, one of 
which is fixed to the base, while the other is pivoted 
or hinged, and by its approach to the fixed one moves 




Fig. III.— RapieflPs 
Lamp. 
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the vertical rod controlling the lower carbons, and 
these are thus drawn away from the upper pair. 
When the current ceases to flow, the spring before 
spoken of causes the hinged magnet to fall into its 
normal position, and the lower carbons at the same 
time touch the upper pair, to be in readiness to start 
the light when the current next passes. 

Another good feature of the Rapieff lamp is its 
arrangement (also concealed in the foot) for throwing 
a resistance of wire, equivalent to that of the lamp, 
into circuit when, through any cause, the circuit has 
been interrupted in the lamp. When the hinged 
magnet falls back, it instantly closes the circuit of 
this resistance of wire, and the machine is not affected, 
nor does it (the supposed accident) affect any other 
lamps in the same circuit, since the resistance remains 
constant, or very nearly so. There is also employed 
in these lamps, instead of a coil of wire, a resistance 
consisting of a pencil of carbon, and through this, 
the resistance of which is equal to that of the lamp, 
the current passes when the lamp breaks circuit. 

By means of these carefully thought out arrange- 
ments, as many as 6 and 8 lamps of this type have 
been kept alight upon one circuit only, and any acci- 
dent to one lamp did not affect the others ; or any 
lamp might be extinguished and re-lighted without 
any effect being apparent upon the main circuit. 

This system has been in practical use in the com- 
posing room of the Times newspaper. The con- 
struction of the lamp is not so well carried out as the 
plan, and the parts are unnecessarily delicate, which 
should not be the case in a practicable lamp for 
general use. M. Rapieff has also brought into use a 
lamp in which both pairs of carbons pass up from 
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underneath, forming an inverted V. The arc im- 
pinges upon a piece of lime, which increases the 
light. M. Rapieff has also invented an electric 
" candle." 

Crompton's Lamp. 

In this lamp the inventor has aimed at reducing 
the weight of those parts that require movement for 
the more delicate and final adjustment of the dis- 
tance between the carbons. In its latest form the 
mechanism is above the light. The negative carbon 
is below the positive, and attached by an arm to a 
rod fast to the armature of the magnet. A spring 
keeps the armature and rod up, when the magnet is 
not acting. The positive carbon is fast to a rod 
which by its weight constantly tends to descend 
towards the negative carbon, and in doing so, by 
means of a rack, causes a train of wheels to work. 

On the top of the armature of the magnet is hinged 
a smaller piece of iron, or jockey armature, carrying 
a brake which can act on the train of wheels. A 
small light spring keeps the brake from touching the 
wheels until a current sufficiently strong causes not 
only the armature to be drawn down and come in 
contact with the magnet, but also causes the smaller 
jockey piece on the top of it to be drawn down and 
apply the brake. The action is as follows : i. When 
no current is circulating, the positive descends and 
touches the negative. 2. On a current being esta- 
blished, the electro-magnet draws down the armature, 
thus lowering the negative away from the positive 
and establishing the arc. 3. The positive then begins 
to fall until the current becomes sufficiently strong to 
attract the small jockey armature, causing the brake 
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to be applied and stopping the descent of the posi- 
tive. The lamp is very sensitive, as, instead of having 
several pounds to be thrown in and out of motion 
for each adjustment, the portion to be moved by the 
change of current is only a few grains. The adjust- 
ment consequently takes place every few seconds. 

Weston's Lamp. 

The action of this lamp is similar to that of the 
Brush. Instead of a solenoid Mr. Weston employs a 
pair-limbed electro-magnet, which is coiled with two 
wires. One of the helices is of thick wire, and carries 
the greater part of the current ; the other is of finer 
wire in a larger number of convolutions, and conveys 
a percentage of the current ; it thus forms a shunt to 
the arc. 

The Pilsen Lamp. 

The special feature of this lamp lies in the use of a 
bi-conical or spindle-shaped iron core. When such 
a core is suspended between and partially through 
the interiors of two electro-magnetic solenoids, placed 
one above the other, and an electric current is passed 
through the solenoids, such a core has no positive or 
balanced point (as is the case when a plain cylindrical 
core is used), and it thus has a lengthened extent of 
movement vertically in the solenoids. This principle 
is utilised directly in the regulation of the arc and 
in feeding the upper carbon downwards. The lamp 
is also made with two conical cores moving in two 
separate solenoids placed side by side. 

The lamp consists essentially of a soft iron core of 
the shape described, a (Fig. 112) and of two solenoids, 
b and C. b is wound with fine wire, and forms a 
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shunt or by-pass to the arc from the point d to the 
point d^. C is wound with thick wire, and is in direct 
circuit with the arc. 

The resistances and electro-magnetic influence of 
these two coils are so 
balanced that, although ^(^ 
about I per cent, only of 
the current flows around 3, 
they have equal effect upon 
the core when the length 
of the arc is properly regu- 
lated (from I to 2 milli- 
metres). 

Any alteration in the re- 
sistance of the arc, by its 
becoming too long or short, 
disturbs this balance, and 
one or the other of the sole- 
noids begins to act, by at- 
tracting the core downwards 
or upwards. If the arc be- 
comes too long, by the 
burning away of the upper 
carbon, the current in c will 
become weak, and that in 
b proportionally stronger. 
Hence, the electro-magnetic 
attraction of b will prepon- 
derate on that of C, and the 
upper carbon will descend 
until, the resistance of the arc being reduced, the cur- 
rent in C will balance the effect of that in b. Should 
the arc become too short, the proportion of the current 
flowing through b will be diminished and that through 




Fig. 1x2. — Diagram of the "Single 
Core " Pilsen Lamp. 
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C augmented; therefore b will release and c will 
attract the soft iron core, raising the upper carbon 
to the required distance. The influence of the sole- 
noids upon the core is assumed to be the same for all 
positions of the core within them. 



Rotating Disc Lamps. 

Many attempts have been made since 1846 to pro- 
duce a good lamp having rotating discs of carbon 
instead of the usual rods. Wright was the first to 
employ this idea, and it has been taken up by several 
others, with modifications and improvements from 
time to time. 

The discs revolve regularly upon two metal axles, 
put in connection with the poles of the battery or 
other generator of electricity, and present successively, 
by the combined rotation and approximation pro- 
vided, all the extreme points of their circumferences 
to the production and emission of the electric light. 
At each revolution of the discs they are caused to 
approach each other by the distance they have burned 
inwards from the edge, to make the length of the arc 
constant. 

Many different kinds of apparatus maybe employed 
to cause the discs both to regularly rotate and also at 
each revolution to approach each other by the exact 
distance consumed. It has been done by means of 
clockwork and a spring or weight, and electro- 
magnetism is, of course, also available for the same 
purpose. Le Molt, whose lamp was produced and 
patented in 1849, produced the motion by the first 
method, and he employed cams upon a large brass 
disc to make up for the burnt portion of the carbon 
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discs employed. This lamp would burn for over 20 
hours at a time. 

A great objection to this class of lamps lies in the 
fact that it is almost impossible to produce discs of 
sufficient purity to bum equal spaces in equal times, 
so that a regular motion is in practice of no use. The 
motion, however it is produced, must be under the 
direct control of the current itself, so that any aug- 
mentation of space burnt over may be compensated 
for by greater speed in the discs, and a decrease of 
carbon space burnt by less speed. Arranged verti- 
cally, one disc edge above the other, and thus con- 
trolled, there is no reason why this should not make 
a good continuous lamp. 

Lamps in which the Carbons touch. 

In the lamps previously mentioned, the carbons are, 
by clockwork, electro-magnets, or weights, kept auto- 
matically at a distance apart, so as to form the voltaic 
arc ; in another class of lamps the carbons actually 
touch, and the light is emitted through the incande- 
scence of the carbon at and near the points of contact, 
and also by arcs formed between points immediately 
around the points of contact, the resistance at the 
point of contact being sufficient to cause a portion of 
the current to form a belt of heated air forming the 
arc between the portions of the carbon situated near 
the point of contact. 

Reynier's Liamp. 

Reynier's improved lamp works with a rod and a 
disc of carbon. The rod is placed vertically, as usual 
in other lamps, and fixed to the upper arm. This 
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Upper arm of the lamp is movable, as in Serrin's lamp, 
and is also toothed. The support and the carbon-rod 
thus move downwards together. 

The racked bar, as it descends by its own weight, 
carrying its carbon-rod, is made to impart motion to a 
pinion, which in turn rotates, through a larger wheel, 
the carbon disc employed. Thus the disc rotates in 
obedience to the descent of the upper carbon, and it 
will be evident that the carbon-rod also acts as a 
brake upon the rotating disc to prevent too free a 
motion. 

One peculiarity of the Reynier lamp is its employ- 
ment of incandescence in the rod used. This carbon 
pencil is small although long, and the current is not 
made to traverse the whole of its length. The current 
is commimicated to it a little way above its contact 
with the revolving carbon disc, and the part of the rod 
between where the contact is made with the conductor 
and its end is made white-hot, and emits considerable 
light and heat. 

It will be inferred that the unequal burning away 
of the disc, as it is softer or harder, must cause irre- 
gularities in the light, and this is in the foregoing 
construction really the case. 

Some recent improvements effected by the inventor, 
however, make the light almost perfectly steady. The 
revolution of the turning disc is obtained from the 
tangential component of the pressure of the carbon 
pencil on the circumference of the disc. Thus the 
burning end of the pencil never leaves the moving 
contact, and it is said that all previous causes of irre- 
gularity are thus obviated. There is a brake retard- 
ing the progress of the rod, and it is operated thus : — 
The contact wheel is carried by a lever. The pressure 
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exerted by the carbon on the wheel causes a shoe ta 
press upon the face of a wheel, which is revolved by 
means of the weight of the holder rod through its 
rack and pinion. This lamp is suited for the weakest 
currents and displays of light, down to the current 
from a few of Bunsen's cells. 

Werdermann's Liamp. 

The principle embodied in the construction of this 
lamp is of much value. It is almost a true incande-^ 
scent lamp, and in this respect may be compared ta 
the Reynier apparatus. 

Fig. 113 represents one form of the Werdermann 
regulator. A is a rounded block of carbon, connected 
to the negative wire from the electric source. B is a 
rod of carbon, constantly urged upwards against A 
by a weight, G, acting through a cord over a pulley 
as shown. It will thus be observed that the lamp is 
altogether of very simple construction, and has no 
clockwork or other regulating mechanism. 

The inventor states that there is a repulsion between 
the carbon block and the point sufficient to cause a 
slight separation, so that the lamp is not simply an 
incandescent one, but possesses some of the peculiar- 
ities and advantages of open circuit lamps. When 
the current is passed, the carbon-rod, at its upper ex- 
tremity, becomes incandescent, and glows with a clear, 
steady light. For this purpose a thin rod is used. 

The chief advantage claimed by the inventor lies in 
the fact that several of these lamps may be placed in 
one circuit, or, more correctly, in multiple arc connec- 
tion with the electric source. This connection is 
made by taking two straight wires from the machine^ 
but not joining their ends, and then placing the lamps 
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SO that they may connect the two wires together 
through them. The current is thus divided between 
the lamps, and the result is, or should be, an almost 
perfect subdivision of the currents. The number 
placed in one circuit is limited, however, for when too 




Fig. 1x3.— rWerderman's Lamp. 



many are included, the subdivision does not hold good 
unless the main conductors increase in size with the 
number. As many as from 9 to 12 lights of 50-candle 
power have been maintained with a current from a 
Gramme plating-machine. When only 2 lamps were 
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Upon the circuit they gave, each, a light equal to 320 
standard candles. 

In later forms of this lamp, a disc or cylinder of 
copper is substituted for the carbon disc. The prin- 
ciple of the lamp is in other respects the same. 

The Brougham-Andre Lamp. 

In this lamp a carbon-rod, weighted, falls on to a 
cone of copper, the carbon being the positive electrode 
and the copper the negative. The carbon-rod is 
inside a brass tube, and the copper cone is fast to an 
arm connected by a rod to another tube outside the 
one containing the carbon-rod, and insulated from it 
The outer brass tube is joined to a brass disc, to which 
is fastened the glass case enveloping the light, and 
this is kept air-tight by being immersed in a second 
glass case filled with water. Thus an air-tight joint 
is obtained and the light soon exhausts the oxygen, 
leaving gases which do not combine with carbon. 

While the carbon burns away at the rate of six 
inches per hour in the open air, it is said to burn only 
one-eighth of an inch per hour when in the water- 
covered globe. 

Joel's Lamp. 

This is a semi-incandescent lamp, in which a pencil 
of carbon is caused to impinge upon a disc of copper. 
The light is partially due to the highly incandescent 
condition of the extremity of the carbon pencil, and 
partially to a voltaic arc formed between the copper 
and the pencil. This arc is supposed to be due to a 
kind of repulsion between the carbon and the copper 
disc. The carbon pencil forms the positive pole from 
the electric source, and is consumed away. The 
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copper being highly conductive, and forming, as it does, 
the negative pole, is scarcely, if at all, consumed in the 
arc. The pencil is fed up to the copper disc by means 
of the gentle pressure exercised by a weight and cord. 
The foregoing lamps, in which the carbons touch, 
are, though simple in construction and action, ex- 
ceedingly uneconomical. 

Electric Candles. 

In all the arrangements previously described some 
means of moving the carbons, either by springs, 
gravity, or electricity, is employed, but if two rods of 
carbon are placed parallel, the arc, it is found, can be 
maintained between them, if the currents are used 
alternately in different directions, so as to consume 
the carbons equally. This idea first occurred to M. 
Jablochkoff, and is called an electric candle, as the 
carbons consume away from one end in the same way 
as the wick and wax of a candle. It was first thought 
necessary to have an insulating material between the 
rods, but this has been found unnecessary. 

M. Jablochkoff's Candle. 

By his invention of the " electric candle," M. Jab- 
lochkoff, in 1876, instituted a remarkable movement 
towards the application of electric light to public 
purposes. In Paris it took the form of lighting 
the Avenue de TOp^ra, the Place de TOp^ra, the 
Place du Th^Atre Fran9ais, and numerous public 
buildings ; and in consequence of the success attend- 
ing these applications of the new light, it was tried 
successfully in workshops, railway depots, and other 
places on the Continent and in America, while the 
same impetus carried the electric light to the Thames 
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Embankment and other public places in London and 
the provinces. 

The " candle " just men- 
tioned consists of two rods 
of manufactured carbon, 
placed side by side, and 
insulated from each other 
by a strip of plaster of 
Paris, or kaolin, which was 
at first used for the purpose. 
Figs. 114 and 115 represent 
the rods and the complete 
candle. The rods used are 
about T^ths of an inch in 
diameter, and from 5 to 15 
inches in length. They are 
fastened in a pair of brass 
tubes, which are held to- 
gether by an insulating 
cement, B. Across the top is 
a chip of carbon fastened in 
place by carbon powder and 
gum, and when the alter- 
nating currents pass this is 
fused and the true electric 
arc instituted. 

Fig. 116 is from a photo- 
graph of a candle partly 
burnt, and shows the form 
assumed by the extremities 
of the carbon-rods while in 
use. Both rods burn equally, 
on account of the alternating 
currents, which must always 
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Fig. 114. — Caxbon 
Rods. 
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Figr.115. — Com- 
plete Candle. 
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be employed with the candle with this object. The 
plaster of Paris is fused as the candle burns down. 

The candles most in use are ten inches long, and 
burn for about ij hours. If this form of candle be- 
comes extinguished, the arc cannot again be conve- 
niently relighted — that is, it will not relight itself. 
Four candles are placed in one lamp, which has 




Figs. 117 and 118.— Jablochkoffs Candle-holders. 



usually a cover of opalescent glass to tone down the 
intense glare. When one candle bums out, or before 
it burns out, another is switched into the circuit by 
an automatic arrangement. 

Figs. 117 and 1 18 represent holders for the candles. 
They consist simply of two cheeks insulated from 
each other, one of them A, fixed, and the other articu- 
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lated with a holding spring, B. The binding-screws, 
C C, convey the current to the holder. 

One form of the automatic switch consists of a 
metallic finger, which is pressed against the candle 
by a spring, so that when the candle is consumed 
down to this point the finger will fall through it, and 
by a contact lever underneath switch another candle 
into circuit. Other more or less complicated arrange- 
ments are in use for the same purpose. 

Wilde's Candle. 

The inventor of the well-known Wilde dynamo-elec- 
tric machine also invented a candle and holder similar 
in some respects to that of M. Jablochkoffl From his 
experiments in connection with the Jablochkofif system, 
Mr. Wilde deduces several very important conclusions, 
bearing practically upon the question of electric 
burners of this type. One of the conditions necessary 
for producing a constant light from the candle, in its 
most recent form, was that the strength of the alter- 
nating current should be such that the carbons con- 
sume at a rate of from 4 to 5 inches per hour. If the 
electric current is too powerful, the carbons become 
unduly heated, and present additional resistance to 
the passage of the current. The points at the same 
time lose their regular conical form. If, on the other 
hand, the current be too weak, the electric arc plays 
about the points of the carbons in an irregular man- 
ner, and the light is easily extinguished by currents 
of air. 

In the course of his experiments, Mr. Wilde was 
struck by the apparently insignificant part which the 
insulating material plays in the maintenance of the 
light between the carbon points ; and it occurred to 
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him to try the effect of covering each of the carbons 
with a thin coating of hydrate of lime, and mounting 
them parallel to each other in separate holders, with- 
out any insulating material between them. The use 
of the lime covering was intended to prevent the 
light from travelling down the contiguous sides of the 
carbons. On completing the electric circuit the light 
was maintained between the two points, and the car- 
bons were consumed in the same regxilar manner as 
when the separation was by means ^of plaster of 
Paris. 

Two plain cylindrical rods of carbon, -^ths of an 
inch in diameter and 8 inches long, were now fixed 
on the holders, parallel to each other as before, and 
"J-th of an inch apart. The strength of the alternating 
current was such that it would fuse an iron wire 0*025 
in. in diameter and 8 feet in length. On establishing 
the electric current through the points of the carbons, 
by means of a conducting paste composed of carbon 
and gum, the light was produced, and the carbons 
burnt steadily downwards as in the first trials. 

Four pairs of naked carbons mounted in this manner 
were next placed in series on the circuit of a four-light 
machine, and the light was produced from. these car- 
bons simultaneously, as when the insulating material 
was used between them. The light from the naked 
carbons was also more regular than that from the 
insulated ones, as the plaster of Paris insulation did 
not always consume at the same rate as the carbons, 
and thereby obstructed the passage of the current. 
This was evident from the rosy tinge of the light pro- 
duced by the volatilisation of the calcium simultane- 
ously with the diminution of the brilliancy of the light 
from the carbons. The only function, therefore, which 
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the insulating material performs in the electric candle, 
as shown by these experiments, is that it conceals the 
singular and beautiful property of the alternating 
current, to which attention has been directed. 

This simple method of burning the carbons will 
greatly further the development of the electric light, 
as carbons can be used of much smaller diameter than 
has hitherto been possible. They may also be of any 
desired length, for as they are consumed they may be 
pushed up through the holders without interrupting 
the light. One of these developments will be a better 
method of lighting coal and other mines. In this 
application the alternating currents or waves from a 
powerful electro-magnet induction machine may be 
used for generating, simultaneously, alternating 
secondary currents or waves in a number of small 
induction coils, placed in various parts of the mine. 
The light may be produced in the secondary circuits 
from pairs of small carbons enclosed in a glass vessel, 
having a small aperture to permit the expansion of 
the heated air within. Diaphragms of wire gauze 
may be placed over the aperture to prevent the access 
of explosive gas. By generating secondary cur- 
rents or waves, without interrupting the continuity 
of the primary circuit, the contact breaker is dispensed 
with, and the subdivisions of the light may be carried 
to a very great extent. 

In the course of his experiments, it was observed 
by Mr. Wilde that when the electric circuit was com- 
pleted at the bottom of a pair of carbons close to the 
holders, the arc immediately ascended to the points, 
where it remained so long as the current was trans- 
mitted. His first impression of this peculiar action 
of the arc was, that it was due to the ascending cur- 
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rent of hot air by which it was surrounded. This, 
however, was found not to be the cause, as the arc 
travelled towards the points in whatever position the 
carbons were placed, whether horizontally or verti- 
cally in an inverted position. Moreover, when a pair 
of carbons was held in the middle by the holders, the 
arc travelled upwards or downwards to the points, 
according as the circuic was established above or 
below the holders. The action was in fact recognised 
to be the same as that which determines the propaga- 
tion of an electric current through two rectilinear and 
parallel conductors submerged in contact with the 
terrestrial bed, which was described by the same 
experimenter in the scientific papers of August, 
1868. 

In all the arrangements in general use for regulat- 
ing the electric light, when the light is required the 
ends of the carbon pencils are brought into momen- 
tary contact, and are then separated a short distance 
to enable the light to form between them. The pecu- 
liar behaviour of the electric arc when the carbons 
are placed parallel to each other suggested to Mr. 
Wilde the means of lighting his carbons automati- 
cally, notwithstanding the fact that they could only 
be made to approach each other by a motion laterally, 
and to come into contact at their adjacent sides. To 
accomplish this object, one of the carbon holders is 
articulated (jointed) or hinged to a small base-plate 
of cast-iron, Fig. 119, C, which is so constructed as to 
become an electro-magnet when coiled with a few turns 
of insulated wire, E. The carbon holder, B, is made in 
the form of a right-angled lever, to the short horizon- 
tal limb of which is fixed an armature, D, placed over 
the poles of the electro-magnet, E. When the movable 
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and fixed carbon holders are brought into juxtaposi- 
tion, and the carbons inserted in them, the upper 
parts of the two carbons are always in contact when 
no current is transmitted through them, as shown by 
the dotted lines in the engraving. 

The contact between the carbons is maintained by 
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Fig. 119.— Wilde's Candle. 

means of an antagonistic spring, inserted in a recess 
in one of the poles of the electro-magnet, and react- 
ing on the under side of the armature. One extremity 
of the coil of the electro-magnet is in metallic con- 
nection with the base of the carbon holder, while the 
other extremity of the coil is in connection with the 
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terminal screw at the base of the instrument, from 
which it is, of course, insulated. The coils of the 
electro-magnet are thus placed in the same circuit as 
the carbon pencils. 

When the alternating current from a dynamo- 
electric machine is transmitted to the carbons, the 
electro-magnet attracts the armature and separates 
the upper ends of the carbons, which brings them 
into their normal position, and the light is imme- 
diately produced. When the circuit is interrupted 
the armature is released, the upper ends of the car- 
bons come into contact, and the light is produced as 
before. When several pairs of carbons are placed in 
the same circuit, they are by these arrangements 
lighted simultaneously. 

Jamin's Blowpipe Lamp. 

A curious application of Mr. Wilde's electric candle 
has been devised by M. Jamin,who, in a communica- 
tion to the French Academy of Sciences, gives details 
from which the following description has been de- 
duced : — Wilde's candle, as just described, consists of 
a pair of thin carbon-rods separated from each other, 
the arc forming between them. M. Jamin takes the 
negative electrode leading from the electrical gene- 
rator, and, instead of fastening it in the binding-screw 
at once, makes it describe one or two turns around 
the candle, from top to bottom, as in Fig. 120, where 
A is the candle, and the negative electrode is wound 
one turn round the candle longitudinally, as indicated 
by the arrows. It will be observed that the direction 
of the electric arc coincides with that of the outside 
current. The result of thus arranging the parts is 
that when the arc is formed it flares up like a gas- 
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flame, being attracted by the passing current. M. 
Jamin then causes it to impinge upon a cylinder of 
chalk or lime, as in the lime, or Drummond light. 
He also employs magnesia. It has the effect of very 
greatly augmenting the amount of light, and of toning 
its quality from violet to yellowish green or white by 
the action of the lime. The heat is so 
intense as even to fuse the chalk, so 
that the inventor recommends its use 
to chemists and others as probably the 
most powerful flame known. It is, as 
yet, however, too expensive except upon 
a small scale. It would appear to be 
necessary in practice to provide some 
arrangement to move the lime body 
downwards to coincide with the reced- 
ing carbon points. A recent communi- 
cation from Prof. Samuel Sheldon, of 
Harvard University, suggests attract- 
ing the arc to a point by means of a 
powerful electro-magnet, and so utilising 
it as an electric blowpipe. 

A further development of this beau- 
tiful experiment has appeared in the 
form of Jamin's candle-lamp. It con- 
sists of one or more candles, so arranged as to be 
each in turn automatically switched into the circuit. 
The whole is surrounded by several convolutions of 
insulated wire, so as to cause the difl^ision of the 
voltaic arc in the manner demonstrated in M. Jamin's 
first experiment. Either the whole or a portion of 
the current may be caused to circulate in the convo- 
lutions of the attracting coil. 






Fig. lao. — ^Jamin's 
Blowpipe Candle. 
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De Meritens' Candle. 

A device by De Meritens would appear to extend 
the principle of the electric candle in another direc- 
tion. This inventor employs a third rod of carbon 
between the other two, but not in contact with them. 
It is preferred to have it of half the diameter of the 
outside rods, and it occupies the place, and partly 
fulfils the function, of the insulating plaster of Paris 
or air. 

The arc. once produced by any convenient means» 
plays between the outer rods and the central one, 
which it consumes. When the arc is thus divided 
between three rods it has less chance to be extin- 
guished than in JablochkofFs original candle, and 
the inventor considers that a smaller current will in 
this case be necessary to produce an electric light of 
given power. 

Rapieff and Siemens' Candles. 

M. Rapieff and Dr. Siemens have produced candle- 
lamps. Their construction is different from that of 
Wilde, but the principle and the results are so exactly 
similar in both cases to that of Wilde that it will be 
unnecessary to go into details. 

Incandescence in Vacuo and Gas. 

When a powerful current of electricity is passed 
through conductors offering considerable resistance, 
the conductors become heated. If the current be 
continued, the conductors become white - hot and 
finally highly incandescent, emitting a light of con- 
siderable power. This property of the electric cunrent 
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is frequently shown by lecturers, who use for the 
purpose a chain composed of alternate links of silver 
and platinum. The silver being a good conductor, 
does not easily become heated by the current ; but 
the platinum, having less conducting power, becomes 
white-hot. 

When carbon in the form of graphite is subjected 
to the passage of a current, its resisting power is so 
high that it speedily becomes white-hot, and finally 
incandescent. In this condition it emits a clear white 
light, but speedily wastes away when exposed to the 
air. Platinum does not waste so rapidly, but it has 
other disadvantages, and is more easily fused before 
the desired condition of luminous incandescence is 
attained. Many attempts have therefore been made 
to utilise carbon for the production of electric incan- 
descent light, and enormous difficulties had to be 
overcome before carbon filaments could be utilised for 
this purpose. 

After repeated trials and failures with incandescent 
carbon burned in air, it was thought that carbon in 
the form of thin pencils, enclosed in a glass globe 
exhausted of air, might, by being rendered highly 
incandescent by passage of the electric current, afford 
a permanent source of light, since it was believed that 
carbon would not bum and waste in vacuo. These 
attempts, although not few in number or undertaken 
by unskilled hands, failed in most cases with the early 
experimenters. So long ago as 1845 an American 
inventor, Mr. King, patented there and in England a 
lamp involving this principle. His light was pro- 
duced in a vacuum, to prevent the oxidation of the 
incandescent carbon or metal, and was extremely 
promising for its beauty, brilliancy, and steadiness. 
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But it failed to be permanent and economical from 
various defects and deficiencies, some of which have, 
of course, been removed by recent improvements in 
the mercury air pumps used for exhausting the bulbs, 
by the increased power and economy of modem 
dynamo-electric machines, and by recent advances 
in the art of subdividing the electric current. 

Messrs. Sawyer and Mann, of New York, obtained 
patents some years ago for a lamp based upon the 
exhaustion of a glass globe of air, and filling it with 
pure nitrogen gas, in which the incandescent material 
is intended to glow permanently. The light is pro- 
duced by the incandescence of a slender pencil of 
carbon. The light -giving apparatus is separated 
from the lower part of the lamp by three diaphragms 
to shut off downward heat radiation. The copper 
standards of the lamp are so shaped as to give great 
radiating surface, so that the conduction of heat down- 
wards to the mechanism of the base is wholly pre- 
vented. No detailed description of this lamp will be 
necessary, further than to say that the electric cur- 
rent enters from below, follows the line of metallic 
conductors to the burner, thence downwards on the 
other side to the return portion of the circuit. The 
light-producing portion is, of course, completely insu- 
lated, and also sealed at the base gas-tight. 

A fatal defect in all previous lamps depending on 
incandescent carbon has arisen from what has been 
called the ** vaporising " of the carbon. This Mr. 
Sawyer holds to be an absurdity, since the carbon is 
not even fused. The wastage of the carbon in mer- 
curial vacuo and in atmospheres of compound gas is 
d^ie, he maintains, to chemical decomposition. Many 
ga^s, indifferent to carbon at ordinary temperatures, 
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attack it destructively at temperatures obtained in 
the electric lamp ; and the process is continuous, the 
carbon taken from the burner being redeposited on 
the glass case, and the gas left free to continue its 
depredation. 

Mr. Sawyer claims to have overcome this difficulty 
by his method of charging the lamps with pure nitro- 
gen gas only, and by providing for fixing of any 
residual oxygen left in the lamp. In this way it 
is claitned that an unwasting carbon is secured. 
Another stumbling-block, upon which many inventors 
have come to a standstill, has been the crumbling or 
disintegration of the carbon burner. This is usually 
caused by sudden heating when the lamp is first 
lighted. This was avoided in the earlier Sawyer-Mann 
lamp by a kind of switch, with the use of which it is 
impossible to turn all the current on at once, or other- 
wise than gradually. This, however, the inventor 
holds, is not the only nor the chief advantage of the 
switch. It is claimed to be the key to the entire pro- 
blem of practicable electric distribution. 

A dynamo-electric light company has been formed 
in America to supply lights upon the Sawyer- Mann 
system, and they claim for it the following advan- 
tages : — It is well known that an electric current will 
exactly and readily divide among circuits of equal 
resistance ; accordingly, if the resistance of a sub- 
circuit be maintained constant, no matter what may 
be going on in k, whether a lamp is not lighted at all 
or lighted to a mere taper, or to any intermediary 
stage up to full brilliancy, it is obvious that no other 
lamps in circuit will be afifected. 

The greater part of the illumination produced on 
this system is the product of a small part of the 
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current. When the light is well on a very slight 
increase in the current increases the light enor- 
mously. It is here that the great loss occasioned by 
dividing a fixed current among several lamps finds its 
explanation. 

A current that suffices in one lamp to produce a 
a light, say, of lOO candles, will, if divided between 
2 lamps, give in each, perhaps, no more than 20 
candles, or even 10, making a loss of 80 candles in 
the sum total. But if the current be doubled, each 
lamp will give a light of 100 candles, and the sum 
total will be two hundred candles instead of 20. 
Having brought a carbon lamp or a system of such 
lamps up to the point of feeble incandescence, a (pro- 
portionally) small addition to the current will make 
them all brilliant. If at 6000° Fahr. a given carbon 
will produce a light of 3 candles, at 12,000 Fahr. it 
will give 9 candles, and at 24,000° Fahr. it will give 
8 1 candles ; the illuminating power increasing with 
vastly greater rapidity than the temperature. 

When the main is tapped for a sub-circuit, a shunt 
is introduced so as to throw so much of the current 
as may be needed into the derived circuit. The 
resistance of, say, 100 added lamps will be about 1,000 
ohms. By giving to the shunt a resistance of 10 
ohms, 1 00th of the current will be diverted, and the 
lamps supplied. Where a large number of lamps 
are required in a circuit, a combination of two plans 
indicated is employed. The diversion of any por- 
tions of the electric supply into an added circuit, 
whether one house or a group of houses, necessarily 
increases the aggregate resistance of the electric dis- 
trict, and calls for more work from the generator. 
To meet such contingencies automatically, Messrs. 
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Sawyer and Mann have invented and patented a 
regulator, which responds instantly to any increase 
or diminution in the demand, thereby securing an 
absolutely uniform volume of current. 

This system does not appear to have had an ex- 
tended trial, and it is doubtful whether the carbon 
pencils will be perfectly permanent. The light ob- 
tained by incandescent pencils is much less than that 
from the open arc with the same current, and the in- 
candescent lamp is in this respect costly, even al- 
though a perfectly permanent pencil-lamp could be 
obtained. There is an obvious defect, too, in the 
Sawyer-Mann system when the resistance of the cir- 
cuit, and consequently the expenditure is always the 
same, whether the lamps are burning or not. This 
could, no doubt, be obviated. 

M. Fontaine has likewise made many experiments 
with carbon pencils, but the best of them were con- 
sumed as usual in air in 15 minutes. Konn has also 
invented an incandescent lamp, in which a vacuum is 
maintained. Other inventors have also produced 
lamps of little use in practice. 

Edison's First Lamps. 

Mr. Edison's first experiments with the electric in- 
candescent lamps, when regarded from the stand- 
point of conspicuous success he has now attained, are 
so full of interest that it will be well to retain the 
account of them given in this chapter in the first and 
second editions of the book. 

Edison's first lamp (Fig. 121) was based upon a 
very old idea — the incandescence of platinum, which 
was employed by various inventors, and by King as 
early as 1845. All such lamps have so far been 
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failures, and have proved wasteful of current, inas- 
much as the true arc gives much more light for the 
same expenditure of power in the circuit ; but the 
worst defect was undoubtedly the unstable nature of 
the lamp. Edison's device, however, depended 
almost altogether for its usefulness upon an automatic 
regulator attached to it, and it has proved that auto- 
matic apparatus of this class work very indifferently. 
He employed, first, a strip of an alloy of platinum and 
iridium, A. This is fastened between two holders, the 

lower one of which is a 
lever, B, jointed at one 
end. This lever is pro- 
vided with a spiral 
spring, D, constantly 
stretching the platinum- 
iridium strip, and under 
its end is a contact point, 
C. When the current 
passes the strip is made 
white hot, and gives out 
considerable light before 
it fuses. The expansion 
consequent upon this 
allows the antagonistic spring to put the strip out of 
circuit for an instant when it is in danger of being 
fused by the strength of current. Unfortunately, how- 
ever, the expansibility of platinum is extremely small, 
and although the lever provided multiplies the expan- 
sion into a considerable movement, the platinum- 
iridium strip is very often fused before it can act. 
It is, in fact, extremely doubtful whether any regu- 
lator of current upon this principle will ever be 
devised. 




Fig. 121. — Edison's Experimental Platinum- 
Jridium Lamp. 
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It jnust not be forgotten, also, that any contact 
points in the circuit of a dynamo-electric machine will 
never work well. There is a powerful discharge of 
stored-up electric energy as soon as the circuit is 
broken, and what contact points will withstand such 
sparks ? If there is to be regulation of current at all, 
it must be by means of some substance upon which 
pressure acts to increase or decrease the resistance, 
and not by open contact. It is, in short, at once 
apparent that the obstacles which stand in the way of 
inventing a useful lamp on this system are of a kind 
difficult of removal. The expansion of this lamp 
itself when it becomes heated will suffice to render 
useless any contacts or adjustments previously made. 
The apparatus is too delicate, and may be said to be 
useless in any but skilled hands. This idea of regu- 
lating the current has been tried in various pieces 
of apparatus intended to automatically govern the 
circuit of a dynamo-electric machine, and which are 
here spoken of under " Regulators of Current," 
p. 184. 

Edison's first lamp was tried in England, but the 
results were anything but satisfactory, considering 
that it was originally intended to be applicable to 
general household purposes. 

From private experiments made with Edison's 
apparatus, and modifications of it, the greatest care 
was found to be necessary to prevent the instant 
melting of the incandescent strip, and if the regulator 
is not adjusted with the greatest accuracy, the strip 
disappears under the energy in a twinkling. 

Mr. Edison has also employed lamps made with 
platinum wire spirals, regulated again by expansion, 
and a break in the circuit. He also proposed the use 

r 
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of secondary currents, induction coils, and secondary- 
batteries in circuit. Now known as transformers. 

With regard to the platinum-iridium spirals for use 
in Mr. Edison's experimental lamps, a communication 
by the inventor himself, read before the American 
Association for the Advancement of Science, contains 
some interesting particulars of a new method by which 
they may be prepared for use in electric lamps. 

In the course of his experiments on electric lighting 
he has developed some striking phenomena arising 
from the heating of metals by flames and by the 
electric current, especially wires of platinum, and 
platinum alloyed with iridium. The first fact observed 
was that platinum lost weight when treated in a 
flame of hydrogen, that the metal coloured the flame 
green, and that these two results combined until the 
whole of the platinum in contact with the flame had 
disappeared. A platinum wire, 20,000th of an inch 
in diameter, was wound in the form of a spiral one- 
eighth of an inch in diameter and half an inch in 
length. The two ends of the spiral were secured to 
clamping-posts, and the whole apparatus was covered 
with a glass shade. Upon bringing the spiral to 
incandescence for 20 minutes, that part of the globe 
in line with the sides of the spiral became slightly 
darkened ; in five hours the deposit became so thick 
that the incandescent spiral could not be seen through 
the deposit. 

This film, which was most perfect, consists of 
platinum, and Mr. Edison has no doubt but large 
plates of glass might be coated economically by 
placing them on each side of a large sheet of 
platinum, kept incandescent by the electric current. 
This loss in weight, together with the deposit upon 
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the glass, presented a very serious obstacle to the use 
of metallic wires for giving light by incandescence ; 
but this was easily surmounted, after the cause was 
ascertained. He coated the wire forming the spiral 
with the oxide of magnesium, by dusting upon it 
finely powdered acetate of magnesium. While 
incandescent the salt was decomposed by the heat, 
and there remained a strongly adherent coating of 
the oxide. The spiral so coated was covered with a 
glass shade and brought to incandescence for several 
minutes ; but instead of a deposit of platinum upon 
the glass, there was a deposit of the oxide of mag- 
nesia. From this and other experiments Mr. Edison 
became convinced that this effect was due to the 
washing action of the air upon the spiral ; that the 
loss of weight and the coloration of the hydrogen 
flame was also due to the wearing away of the surface 
of the platina, by the attrition produced by the impact 
of the stream of gases upon the highly incandescent 
surface, and not to volatilisation, as commonly sup- 
posed. 

He further describes other and far more important 
phenomena observed in his experiments. If a short 
length of platinum wire, i,oooth of an inch in 
diameter, be held in the flame of a Bunsen burner, at 
some part it will fuse and a piece of the wire will be 
bent at an angle by the action of the globule of melted 
platinum ; in some cases there are several globules 
formed simultaneously, and the wire assumes a zig- 
zag shape. With a wire 4,000th of an inch in 
diameter this effect does not take place, as the tem- 
perature cannot be raised to equal that of the small 
wire, owing to the increased radiating surface and 
mass. After heating, if the wire be examined under 
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a microscope, that part of the surface which has been 
incandescent will be found covered with innumerable 
cracks. If the wire be placed between clamping-posts, 
and heated to incandescence for 20 minutes by the 
passage of an electric current, the cracks will be so 
enlarged as to be seen with the naked eye ; the wire 
under the microscope presents a shrunken appear- 
ance, and is full of deep cracks. 

If the current is continued for several hours, these 
eflfects will so increase that the wire will fall to 
pieces. This disintegration has been noticed in 
platinum long subject to the action of a flame, by 
Professor Draper. The failure of the process of 
lighting invented by the French chemist, Tessi6-du- 
Motay, who raised sheets of platinum to incandescence 
by introducing them into a hydrogen flame, was due 
to the rapid disintegration of the metal. Mr. Edison 
has ascertained the cause of this phenomenon, and 
has, he says, succeeded in eliminating that which 
produces it, and in doing so has produced a metal in 
a state hitherto unknown, and which is absolutely 
stable at a temperature when nearly all substances 
melt or are consumed; a metal which, although 
originally soft and pliable, becomes as homogeneous 
as glass and as rigid as steel. When wound in the 
form of a spiral, it is as springy and elastic when at 
the most dazzling incandescence as when cold, and 
cannot be annealed by any process now commonly 
known. For the cause of this shrinking and cracking 
of the wire is due entirely to the expansion of the air 
in the mechanical and physical pores of the platinum, 
and the contraction upon the escape of the air. 
Platinum, as sold in commerce, may be compared to 
sandstone, in which the whole is made of a great 
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number of particles with many air spaces. The sand- 
stone upon melting becomes homogeneous, and no air 
spaces exist. With platinum or any metal the air 
spaces may be eliminated and the metal made homo- 
geneous by a very simple process. 

This process is then described by Mr. Edison. He 
made a large number of platinum spirals, all of the 
same size and form and the same quality of wire ; 
each spiral presented to the air a radiating surface of 
3-j*g- of an inch ; 5 of these were brought by the 
electric current up to the melting-point, the light was 
measured by a photometer, and the average light was 
equal to 4 standard candles for each spiral just at the 
melting-point. One of the same kind of spirals was 
placed in the receiver of an air-pump, and the air ex- 
hausted to 2 millimetres ; a weak current was then 
passed through the wire to warm it slightly, for the 
purpose of assisting slightly the passage of the air 
from the pores of the metal into the vacuum. The 
temperature of the wire was gradually augmented at 
intervals of ten minutes until it became red. The 
object of slowly increasing the temperature was to al- 
low the air to pass out gradually and not explosively ; 
after which the current was increased at intervals of 
fifteen minutes. Before each increase in the current 
the wire was allowed to cool, and the contraction and 
expansion at these high temperatures caused the wire 
to weld together at the points previously containing 
air. In one hour and forty minutes this spiral had 
reached such a temperature without melting that it 
was giving a light of 25 standard candles, whereas it 
would undoubtedly have melted before it gave a light 
of 5 candles had it not been put through the above 
process. Several more spirals were afterwards tried, 
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with the same result. One spiral which had been 
brought to these high temperatures more slowly gave 
a light equal to 30 standard candles. In the open air 
this spiral gave nearly the same light, although it re- 
quired more current to keep it at the same temperature. 
Upon examination of those spirals which had passed 
through the vacuum process, by the aid of a microscope, 
no cracks were visible ; the wire had become as white 
as silver, and had a polish which could not be given 
it by any other means. The wire had a smaller dia- 
meter than before treatment, and it was exceedingly 
difficult to melt in the oxy-hydrogen flame as com- 
pared with the untreated platinum. It was foimd 
that it was as hard as the steel wire used in pianos, 
and that it could not be annealed at any temperature. 
His experiments with many metals treated by this pro- 
cess have proved to his satisfaction, and he has no 
hesitation in stating, that which is known as annealing 
of metals to make them soft and pliable is nothing 
more than the cracking of the metal. In every case 
where a hard-drawn wire had been annealed, a power- 
ful microscope revealed myriads of cracks in the 
metal. Since the experiment just mentioned was 
made, further investigations, with the aid of Sprengel 
mercury pumps, produced higher exhaustions, and 
by continuing the exhausting for five hours and inter- 
mitting the current a great number of times, the 
result is stated to be the light of 8 standard candles 
from a spiral of wire with a total radiating surface 
of T^th of an inch, or a surface about equal to a grain 
of buckwheat. With spirals of this small size which 
have not passed through the process the average 
amount of light given out before melting is less than 
one standard candle. 
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Edison claimed to having obtained 8 separate lamps, 
each giving out an absolutely steady light, and each 
equal to 16 standard candles, or a total of 128 candles, 
by the expenditure of 30,000 foot-lbs. of energy, or less 
than one horse-power. As a matter of curiosity 
he made spirals of other metals, and excluded the 
air from them in the manner stated. Common iron 
wire may be made to give a light greater than platinum 
not treated. For reasons stated further on Edison 
abandoned the use of metallic conductors for the in- 
candescent portion of the lamp. 

Up to December, 1879, ^^^ outcome of Mr. Edison's 
praiseworthy labours to obtain a constant burner by 
electric agency, was a small lamp in the form of a 
glass globe exhausted of air, and containing in 
the electric circuit a horseshoe-shaped strip of car- 
bonised cardboard. 

This horse-shoe was stamped from " Bristol board," 
and was then placed in a wrought-iron mould and 
raised to such a temperature that the volatile con- 
stituents of the paper were driven off, the result being 
a miniature horse-shoe (2 in. long) composed of 
carbonised paper. Through this, when the containing 
globe had been exhausted by the air-pump, the 
current was passed from pole to pole by connections 
of platinum wire. It was claimed that this substance, 
which became highly incandescent and yielded a 
brilliant light, was unchangeable by heat in vacuo, 
and that a lamp could be produced at an outlay of 
25 cents. 

A number of these lamps were seen burning in the 
inventor's laboratory by correspondents of the press, 
English and American, during the month of December, 
1879. The result was stated to be so satisfactory that 
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Mr. Edison intended to illuminate, on a practical 
scale, the village of Menlo Park, and then to extend 
the system to New York. 

There was little probability, however, that this 
lamp would prove constant. Carbonised paper in 
various forms had been repeatedly tried before, and 
it is probably not constant in the best possible vacuum 
obtainable. 

Swan's and £dison's Lamps. 

General description of the Glow Lamp. — It has been 
said that carbonised paper had been tried as an 
incandescent burner before Mr. Edison employed 
that substance. Amongst others who had experi- 
mented in this manner was Mr. J. W. Swan, of New- 
castle-on-Tyne, and it appears that both Mr. Swan 
and Mr. Edison were engaged simultaneously upon 
the same problem, with the same materials — car- 
bonised paper — about the end of 1879. 

Mr. Swan, after many experiments, appears to have 
first abandoned the use of carbonised paper, and to have 
resorted to cotton or linen thread, treated with dilute 
sulphuric acid, and afterwards carbonised in a closed 
crucible at a white heat. The result of Mr. Swan's ex- 
periments was a hard and elastic filament of pure carbon 
about 3 inches in length. It is made to describe a sin- 
gle convolution, and its extremities are connected to 
two platinum wires. The filament is then inserted into 
a small glass globe, from which the air is extracted by 
long continued action with mercury air pumps. When 
the highest attainable vacuum is obtained, the connec- 
tion with the interior of the globe is fused up, the result 
being the arrangement exhibited in Fig. 122. The 
platinum wires terminate in two small loops as repre- 
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Fig. 122. — Swan's Lamp. 



sented. These are readily attached to or removed 
from the electrical connections of a small ebonite 
socket, shown in Fig. 123. The spiral spring repre- 
sented serves to receive the base of 
the globe, and to press the lamp 
away from its socket, so that the 
metallic contact between the loops 
in Fig. 122 and the two small 
hooks in Fig. 123 may be as per- 
fect as possible. The carbon thread 
or wire employed by Mr. Swan is 
as elastic as steel, and is con- 
siderably thinner than the black 
line shown in the diagram. When 
the current passes the carbon wire 
becomes incandescent and emits 
a beautiful white, silent, and steady light. The 
vacuum attained in the lamp is so perfect that, in- 
stead of being wasted away, the filament becomes 
more dense by use. In course of time, however, there 
appears to be a gradual wasting away of the carbon 
wire at the positive end, and probably an 
increase of diameter, at the negative ex- 
tremity. If the current is much too strong, 
the lamp may be destroyed in a very short 
time ; but if the current is only a little 
over the normal strength used for the 
lamp, a disengagement of the particles 
composing the carbon wire ensues, and in 
the course of time the interior of the globe 
may present a smoked appearance. This 
agrees with the results of Mr. Edison's experiments 
with the platinum spirals. When the lamp is worked 
by the current suited to its powers, the " life " of 
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the carbon wire varies from 700 to perhaps 3,000 
hours. Hence, a lamp of this description may serve 
for ordinary purposes for many months, or a year, 
burning nightly. The **life" of the lamp varies, 
however, to a great extent; and it is difficult, if 
not impossible, to assign a limit, with any show of 
reason, to the time one of the carbon loops may last. 
When alternating currents are used it is probable 
that, since there will result no wasting away at 
either extremity, the " life " of the carbon loop may 
be considerably extended. The cost of the lamp is 
very small. They are made of from 5 to 100 candle 
power, according to the length of the carbon loop 
employed. The i8-candle power lamp, is, however,, 
the most generally useful. The resistance of this 
lamp is about 150 ohms when hot, when cold it is 
considerably greater, probably 250 ohms. These 
lamps are now a regular article of commerce. They 
are adapted for fitting to existing gas-brackets. One 
insulated wire being led to the lamp, the return may 
be effected through the gas-fittings if required. Swan's 
lamps have been in constant use at the Savoy Theatre,. 
London, since the end of 1881. About 1,158 of these 
lamps have since that time been used to illuminate 
the whole of the auditorium and the stage in this 
installation, of which further particulars are given 
farther on. 

Detailed Account of the Incandescent Lamp. 

Several patents for incandescent lamps were taken 
out by Edison, Swan, Sawyer, Man, and others during 
the years 1878, 1879, and 1880. The most remark- 
able of these appears to be that of Edison of Novem- 
ber 10, 1879 (No. 4,576). 
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The Earlier Filaments, — ^This specification points 
out several of the more essential conditions upon 
which the success of incandescent lamps depend. It 
begins by stating that for lamps in multiple a high 
resistance of the filament is imperative. This condi- 
tion had, however, been partially fulfilled in Edison's 
platinum and iron wire lamps, in which the filament 
or wire was intended to have a coating of some " in- 
fusible" earth. All the wire lamps were abandoned, 
however, and the object of the inventor was to pro- 
duce a lamp with a filament as nearly as possible 
permanent and offering high resistance with the mini- 
mum of radiating surface. Carbon in the graphite 
form had long been known (since 1845) to withstand 
the most intense heat of electricity in vacuo better 
than any other substance, and many attempts were 
made by both Edison and Swan, during 1879, to 
obtain a sufficiently thin wire or conductor of this 
material. The patent specification under review then 
goes on to state that such a filament of the graphite 
form of carbon could be obtained by carbonising cotton 
thready any fibrous vegetable substance which will 
have a carbon residue after heating in a closed cham- 
ber, such fibrous substance coated with a compound 
of lamp-black and tar, or a compound of tar and 
lamp-black, in the form of putty. 

Edison's experiments with these materials do not, 
however, appear to have yielded the substance re- 
quired, and a subsequent patent (1880, No. 3,765), 
mentions particularly the hard, glossy exterior of 
bamboo cane as being adapted, after minute subdivi- 
sion, for the production of the carbon filaments. 
Various grasses were also used in the production of 
filaments about this time. It was thought in the begin- 
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ning of the year 1880 that a necessary condition of the 
raw material was its having a fibrous or natural struc- 
ture, but subsequent discoveries have disproved this. 

Attachment of Filaments. — In most of the patent 
specifications that have appeared relating to incan- 
descent lamps, the various processes of attaching the 
filaments to the conducting wires are minutely de- 
scribed. At first this was a weak point in most of 
the lamps, and Mr. Swan avers that his chief difi&culty 
in the production of a carbon lamp in 1879 was that 
of mounting the pencil or filament in electrical con- 
tact with the platinum conductors. This difficulty 
was got over, first by electro-plating or depositing 
copper around both carbon and wire while in contact, 
and by moulding the end of the carbon filament 
around the extremity of the wire. Subsequently it 
has been accomplished by carbonising some fresh 
carbonisible material, such as tar and lamp-black, 
around filament and wire by means of heat. Also by 
making the platinum wire into a spiral tube, inserting 
the end of the filament, and affixing the whole by 
means of a carbon cement, fixed by heat, and by 
other methods too numerous too mention. 

^^ Flashed'' Filaments, — The lamps produced in 1879 
and the beginning of 1880 had but a short life. Very 
few of them would burn for fifty hours without break- 
age of the filament. This was discovered to be due 
to two defects of peculiar interest. 

First, it was found that the most perfect filaments 
it was then possible to produce, although apparently 
of uniform cross-section, exhibited under the heating 
of the current bright and dull portions ^ proving a varia- 
tion of structure or size. Thus, the bright portions 
had more than their share of the current, and gave 
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way in consequence. Several years before carbon 
filament lamps were thought of, a French chemist, 
M. Duprez, in experimenting on the reduction and 
volatilisation of carbon, discovered that when carbon 
was heated in an atmosphere of hydro-carbon, a 
deposit of an extremely dense form of solid carbon 
occurred. But it was noticed in M. Deprez's publi- 
cation that this tendency hindered certain experi- 
ments, and was really an obstruction to the aims of 
the chemist, whose experiments had no reference to 
electric lamps. 

Messrs. Sawyer and Man (1878, No. 4,847, Chees- 
borough) took out a patent for the application of this 
fact to the perfecting of carbon pencils for incandes- 
cent lamps. They noticed that when a glowing 
pencil was immersed in a heavy hydro-carbon gas or 
liquid, a deposit of graphite took place, and that it 
occurred more particularly upon those portions of the 
carbon that has most heaty that is, the thinnest portions. 
The result of subjecting a pencil of varying diameter 
to this process was that it tended to become of 
uniform diameter, and thus in a beautiful way cor- 
rected its own defects. 

This process of "flashing " carbons was tried upon 
filaments with the most gratifying results, and has 
been largely used in the commercial production of 
lamps, it being essential that the filament should glow 
with equal intensity throughout. 

" Running on the Pumps** — ^After constructing and 
exhibiting various incandescent lamps, more chiefly 
from pencils and " horse-shoes " of carbon enclosed in 
a glass globe exhausted of air, Mr. Swan took out a 
patent (on January 2, 1880) Tor a process of improv- 
ing the condition of the vacuum. Finding that 
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although the Sprengel mercury pump exerted its full 
effect upon the vacuum, there was still evidence ot 
the attacks of oxygen upon the filament or pencil 
after passing the current, Swan conceived the idea 
that some gas must be left in the substance of the 
carbon itself, that might not be removed by the 
Sprengel pump. Thereupon, it occurred to him to 
pass the current through the lamp and render it 
incandescent while yet attached to the vacuum pump. 
The theoretical idea was no doubt that by setting the 
substance of the filament into a state of electrical 
vibration, any possible enclosure of gas might thereby 
be set free. Surprising results followed the discovery 
of this method of " running " the lamps while attached 
to the pump, and it has been adopted by most makers 
of lamps. 

Parchmentised Cotton Carbons, — Mr. Swan took out 
another patent (January 20, 1880) for a carbon "horse- 
shoe " or " hair-pin," composed of paper or cardboard 
" parchmentised " by treatment with sulphuric acid, 
and thereafter carbonised to the graphite state. It 
was difficult to obtain carbons from this material of 
sufi&cient thinness, resistance, and resiliency, and 
Swan took out another patent (November 27, 1880) 
for parchmentised and carbonised cotton thread fila- 
ments for incandescent electric lamps. This patent 
marked a great step in advance, and the success of 
the new filaments was decisive and conspicuous. The 
" life " of an incandescent lamp might now have been 
reckoned at 1,000 hours. 

The Process of Carbonising, — It is claimed in more 
than one of the patent specifications relating to car- 
bons that the slender filaments of bamboo, grass, 
cotton, linen, &c., might be carbonised by enclosing 
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in an iron or unporous clay vessel, enclosed from the 
air and heated to a high temperature. Many scientific 
persons called this statement in question and declared 
that if there was a sufiiciency of air within the vessel 
the filaments must inevitably be burned to ash. Many 
experiments tended to strengthen this impression. It 
has been known to chemists and others that to car- 
bonise without destroying slender articles of a vege- 
table nature, the only safe way was to pack them 
carefully, surrounded by a large body of some such 
substance as charcoal, finely powdered, and in an iron 
box carefully luted with fireclay. Filaments placed 
by themselves in the charcoal are liable to distortion, 
so that, before carbonising, they are usually wound or 
placed upon a shape, former, or frame of carbon, 
wood, or other substance. The heat is applied very 
gradually, and is sometimes kept up for 12 and 14 
hours. The mean diameter of the filaments after 
carbonising may be taken at -150 of a millimeter. 

The Cellulose Filament — ^The dimensions and struc- 
ture of the necessary carbon conductors for incandes- 
cent lamps having been once settled upon, various 
methods for their manufacture began to be published, 
and no doubt many lamps are made by processes 
kept secret. The nature of the filaments made by one 
manufacturer was described by Mr. Sellon, before 
Mr. Justice Kay, as follows.* Cotton wool is dissolved 
in chloride of zinc, and being slightly heated the 
result is a viscous semi-liquid substance, resembling 
in appearance a strong solution of gum-arabic. This 
is boiled in the receiver of an air pump to extract all 
air ; then it is forced through a die or small orifice by 
the pressure of a head of mercury, and the filament so 

♦ <* Edison & Swan Electric Light Co. v. Holland and others," July, 1888. 
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formed is received in a vessel of alcohol, and solidifies 
in the form of a thread. It is then left for a time in 
another vessel of alcohol which dissolves all impuri- 
ties, and leaves it a non-structural thread of cellulose 
in an extremely pure condition. It is dried and car- 
bonised and fitted for use in the lamp. 

The Platinum Conductors, — Were it not for a simple 
scientific fact that the rate of expansion under heat is 
nearly the same for glass and platinum, it might be 
impossible to construct a vacuum lamp of the kind 
under notice. This enables the lamp maker to seal 
the platinum wires through the base of the lamp and 
to produce a joint that will withstand the highest 
attainable vacuum. But the ratio is not quite the 
same, and, moreover, glass being an indifferent con- 
ductor of heat, numerous failures of lamps, especially 
lamps of high candle-power emitting much heat, took 
place in the earlier days of the bulbs. It was found 
that a single platinum wire for each end of the filament 
led to frequent failures or cracking of the glass. This 
would no doubt be due to the superior temperature of 
the platinum. Latterly, therefore, the platinum con- 
ductors are divided into two or more branches, or 
thin wires. 

Life, Efficiency, and Economy of Incandescent 
Lamps. 

The fact that the " life " of a glow lamp depends 
almost entirely upon the temperature at which it is 
maintained alight, has given rise to a great deal of 
controversy in electrical circles as to the most econo- 
mical temperature or candle-power at which " run " 
the lamps. This will be seen to be a question of 
great interest and import, when we consider that the 
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higher the state of incandescence the lower the cost 
of the light ; in other words, if the electrical power 
expended upon the lamp is increased, its light is more 
than in proportion to the power (the light-giving 
effect is said to vary approximately as the fifth power 
of the electro-motive force at the lamp terminals) ; 
but the life of the lamp is shortened. We need not 
enter more deeply into the question here, mainly 
because the conditions of the production (the cost) of 
both electricity and lamps are daily undergoing 
modification, and calculations made in 1889 would 
probably not apply to 1890. 

High Candle - power Incandescent Lamps, — The 
efforts of inventors of glow lamps were, until about 
the year 1885, chiefly devoted to the perfecting of 
filaments having about fifty ohms resistance, and 
capable of withstanding a " glow " of about 16 candle- 
power for general lighting, to take the place of jets 
of gas. At the exhibition held at Newcastle-on-Tyne, 
in 1887, the Hon. Charles Parsons showed specimens 
of high candle-power glow lamps, ranging from 50 
candle-power to 1,000 candle-power. These " sun- 
beam" lamps are provided with a long and thick 
carbon conductor. 

There is a certain advantage in employing a single 
lamp of high candle-power, rather than a group of 
small lamps, to illuminate any given point, and the 
lamps are less costly to instal and maintain. For ex- 
ample, a 200 candle-power lamp gives a light equal- 
ling twelve or thirteen lamps of i6-candle power, but 
costs only twice as much as one 16 candle-power lamp. 
A high candle-power lamp giving 1,000 candle-power 
will cost less than ten 16 candle-power lamps. 

Number of lamps per horse-power upon dynamo. — 

U 
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With a dynamo of high efl&ciency about 12 lamps of 
1 6 candle-power might be maintained per horse-power, 
but 10 and even less is more likely to be the number 
in actual practice. It depends partly, as stated below, 
upon the number of watts per candle. More lamps 
could be maintained at 5 watts per candle than at 4. 

It may be of interest to show the candle-powers and 
corresponding voltage, &c., of the leading incandes- 
cent lamps : — 

Approximate Volts and Current of the Various Classes of 
Edison-Swan Lamps. 

TariflF 
Am- Am- Price List. 

Volts. pSres. Volts, p^res. s. d. 

I Candle-power from about 3 -8 to about 8 -3 
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All lamps taking less than '9 ampere are marked 
at 4 watts per candle, and all lamps taking more than 
•9 ampere at 3*5 watts per candle. 

Contintums and alternating currents for glow lamps. — 
It has been shown that, under the influence of a cur- 
rent in one direction, the filaments in lamps exhibited 
a thinning away at one extremity, and usually broke 
there — the extremity connected with the positive pole 
from the dynamo. It is claimed for the alternating 
current that this gradual and partial attenuation does 
not occur, or, at any rate, that it is uniform for both 
extremities of the filament. Any "wastage" of the 
filament is foimd to become firmly deposited upon the 
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interior surface of the surrounding glass bulb, giving 
it a smoked appearance. When a glow lamp is 
served with too great a current, its light rapidly 
acquires the blueish tint of the arc, and the breakage 
of the filament follows as a matter of course. Lamps 
served with a constant voltage and current last much 
longer than those in circuits where variations occur. 
At the figures given in the above 
table, where the conditions are fairly- 
constant, glow lamps have an aver- 
age life as high as 1,000 hours, 
although instances of lamps having 
burned 5,000 hours are becoming 
common. 

The neck of Edison's lamp car- 
ries a metcillic screwed plug, in- 
tended to fit into a socket. This por- 
tion communicates with one of the 
platinum wires. The other wire is 
connected to a central metal stud, 
insulated from the collar. When 
the arrangement is screwed into its 
socket, contacts are made with the 
necessary leading wires. A circuit- 
interrupting key is provided, by 
means of which the circuit may be 
closed or opened at will. Fig. 124 
represents Edison's lamp about half 
real size. In all other respects Edison's lamp is 
similar to Swan's. It is made in several different 
light-giving powers, but the lamp in general use at 
present is intended to yield a light of 16 candles, so 
jthat it may be made to take the place of ordinary 
gas jets. The resistance of this lamp when cold 




Fig. 124.— Edison's 
Lamp. 
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is 2 20 ohms. When hot it is reduced to 140 
ohms. 

Mr. St. George Lane Fox has also invented an in- 
candescence electric lamp similar in design to that 
of Edison. Mr. Fox employs a carbon wire made 
from flax or cotton thread, also the root of the grass 
known as " French whisk." When carbonised, this 
thread is mounted, and rendered incandescent in coal- 
gas and benzoline,* which completes the carbonisa- 
tion. The glass bulbs are carefully ex- 
hausted by means of mercury pumps. 
Mr. Maxim, of New York, was among 
the first who employed carbon in the 
form. of a filament for incandescent 
lighting, and his lamps have been in 
extensive use. In this case the filament 
is formed into a shape like the letter M- 
Fig. 1 25 represents Mr. Maxim's lamp, ' 
which is in other respects similar to 
those of Edison and Swan. 

Several other inventors have pro- 
duced incandescent lamps. Many 
modifications of those already de- 
scribed have been published. One inventor forms a 
hollow carbon filament or tube by depositing carbon 
upon a fine wire of platinum, and deflagrating the 
platinum. Another deposits carbon upon an infusible 
insulating filament. 

Miner's Electric Safety Lamps. 

The Clanny miner's oil lamp yields a light of about 
half c«,ndle-power only, and it has been found that 
with the increased velocity of the ventilating currents 

* "Flashing," seep. 285. 




Fig. 125. — Maxim's 
Lamp. 
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in mines introduced of late years, such lamps are 
troublesome and unsafe. Many attempts have been 
made to press electricity into the service of the miner 
for illuminating purposes. It was at first thought 
feasible to run electric mains in the workings, as per- 
manent fixtures, and to attach portable glow lamps 
to these by means of flexible conductors of sufiicient 
length to allow of the lamp being carried about. But 
it was speedily found that such a system could not be 
made free from danger in a "fiery" mine; nor in- 
deed would it be practicable in any mine, according 
to the opinion of experts. 

In the year 1881 Mr. Swan effected a partial solu- 
tion of the problem by the introduction of a secondary 
battery, made in portable form, and carrying, afl&xed 
to the case, a very small incandescent lamp. This 
arrangement was a great improvement upon the old 
oil lamps, inasmuch as it yielded a light four or five 
times more powerful, and from the nature of the in- 
candescent filament necessarily quite a safe lamp. 

Various inventors followed with lamps fed by both 
primary and secondary batteries. Considerable ex- 
perience has thus been acquired in the production 
of a suitable lamp, and the question may now be con- 
sidered as satisfactorily solved. There is still one 
little drawback — the weight, which in the average is 
rather greater than that of the older oil lamps. But 
the large numbers of such lamps in use at the chief 
mines, and the rapidity with which they are being 
introduced, would appear to indicate their entire 
suitability. It is, moreover, quite certain that the 
miner himself considers the new lamp a great boon. 

Swan's Miners Lamp. — The elements consist of a 
secondary or accumulator battery of four cells, formed 
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of hard rubber, containing each a pair of cylindrical 
and concentric packed lead plates prepared after the 
manner of the latest type of accumulator battery 
(p. 44, &c.). The whole is properly connected in 
series and enclosed in a wooden case. The liquid is 
the usual dilute acid. The incandescent lamp is 
attached to one side of the case, and is protected by a 
strong convex lens. The whole weighs seven pounds. 
The price is very moderate. The average light is 
from one to one and a half candle-power, maintained 
for ten hours. Recharging of the battery occupies 
about twelve hours. It is eflfected by having connec- 
tions from the poles attached to the sides of the case 
of each lamp, so that a line of lamps, placed between 
two conductors from the dynamo upon a suitable 
table, are charged at once. This method of merely 
placing the lamps upon the charging table and 
charging them in "banks" has proved very suc- 
cessful. The cost of running is merely nominal. 
The cost of renewals of plates and lamps will prove 
the main consideration. Some of the makers of such 
lamps estimate the life of the battery at two years. 
The lamps themselves may run an average of a thou- 
sand hours. 

Pitkin* s Miner's Lamp, — This lamp yields a light 
of four or five candles. It is run by a secondary bat- 
tery of four cells, yielding an E. M. F. of 8 volts and 
about '5 ampfere. The plates in the cells are flat, 
two in each cell. The battery will maintain the 
lamp for five or six hours, and in charging takes 
about eight hours. The whole is enclosed in a wood 
case, as in Swan's lamp, and weighs eight pounds. 
In one form of the lamp the glow-bulb may be de- 
tached (with its reflector) and carried about by means 
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ot a flexible conductor. This lamp is furnished with 
a resistance switch to enable the user to divert a por- 
tion of the current if too powerful for the filament 
when the accumulator is freshly charged. 

Schanschieffs Miner's Lamp, — ^This lamp is main- 
tained by a portable primary battery, and that por- 
tion of it is necessarily lighter in weight than the 
accumulators used in other lamps. The plates are of 
zinc and carbon, after the manner of the bichromate 
battery (p. 11). The excitant is a solution of the 
sulphate (basic) of mercury prepared in a manner 
patented by the inventor. The consumption of zinc 
is half a pound for forty-eight hours run upon the 
lamp. The excitant is usually supplied in quantity 
where the lamps are used, and costs 5s. per gallon. 
The battery is charged with about twenty ounces of 
the solution, and runs about eight hours. In re- 
charging the spent liquid is run off, the cell rinsed 
out, and fresh solution supplied. The spent liquid 
is said to be worth after-treatment for mercury. The 
weight of the complete lamp is four and a half pounds, 
the light yielded from one and a half to two candle- 
power. The price is moderate, and such primary 
battery-lamps will probably commend themselves 
where dynamos are not already upon the ground for 
recharging purposes. In one form of the portable 
lamp it is swung upon trunnions, and so arranged 
that when turned upside down the liquid is with- 
drawn from the plates, so putting out the light. 



CHAPTER X. 

ON ELECTRICAL DISTRIBUTION. 

Distribution of electricit}'^ for lighting purposes is 
carried out under several different systems. But the 
particular class of mains and auxiliary circuits em- 
ployed are altogether dependent upon the class of 
currents to be distributed. As we have ascertained, 
in reference to the nature of the generating ma- 
chinery, the two leading branches are, 

1. The Continuous Uni-Direction Current. 

2. The Alternating or Back-and-Forth 
Current. 

No., I is usually associated with low tension, sel- 
dom above a few hundred volts, and is frequently 
used in conjunction with a distributing or storage 
system of secondary batteries or accumulators. 

No. 2 is usually distributed at a high tension, fre- 
quently some thousands of volts, and is generally 
associated with " tension reducers " or transformers, 
situated at the root of house-circuits, so that the 
tension upon the lamps is seldom above a hundred 
volts. 

The former appears suitable for distribution in a 
restricted area — say within a radius of a mile of the 
generating station. 

The latter appears suitable for distribution within a 
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radius of many miles of the central station. Each 
system has powerful advocates. The first is sup- 
ported by the names of Crompton,* Preece, Hopkin- 
son, Edison, and others. 

The alternating system is advocated by Ferranti, 
Swinburne, Snell, Mordey, Kapp, and many others. 

As may be expected, each system calls for a dis- 
tinct class of main and auxiliary circuits for distri- 
bution purposes. The direct current system elects to 
effect the distribution — i. By simple circuit, suitable 
for arc lamps in street lighting, or for short distances 
in incandescent lighting, long known and developed 
chiefly by Siemens and Brush. 2. Distribution for 
incandescent lighting over extended areas by a sys- 
tem (developed by Edison) of feeders ; 3. Or distri- 
bution over extended areas by means of storage or 
accumulator batteries (developed by Crompton, 
Parker, and others). 

The alternating current system appears at first to 
be much simpler. The distribution is effected chiefly 
from a pair of high tension mains, working through 
transformers, producing low tension currents within 
buildings. The system of distribution by trans- 
formers was developed chiefly by Gaulard and 
Gibbs, Kapp and Snell, Ferranti, Westinghouse, and 
others. 

Broadly speaking, the systems of distribution in 
general use, with special reference to conductors 
•conveying the current, may be divided as follows : — 

The Series System — Arc Lighting. 

The Two- Wire System— /^r Incandescent Lamps. 

* See Paper, Transformers v. Accumulators^ read before the Institution 
of Electrical Engineers, April 12, 1888. 
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The Two- Wire System with Feeders. 
The Three-Wire System. 

These may be regarded as main systems, conveying' 
the electricity to the outer walls of buildings to be 
served. Within the walls of buildings the system 
of distribution to the lamps is much the same, but 
it is common to term the wiring of the building as 
having been carried out upon 

The Multiple Arc System^ or 
The Multiple Series System. 

As the multiple arc system provides for only one 
lamp to bridge across the two wires, certain require- 
ments and advantages attend it, i.e. the volts must 
not much exceed a hundred, and if one lamp breaks 
none of the others are affected. 

The multiple series system implies the use of two 
or more lamps bridging across the two wires, and 
calls for a potential frequently much over a hundred 
volts ; but it has the disadvantage that if one of the 
lamps bridging the wires were to break, the com- 
panion lamp or lamps upon that particular bridge 
would be extinguished. It would appear that to the 
" secondary-battery-transformer " system, since it is 
advisable to pass a considerable number of volts — 
say two hundred — into the building, the multiple 
series system would be peculiarly suitable. 

Distribution within buildings is also frequently 
carried out upon the three-wire system, of which 
further particulars are given further on. 

In practical distribution there is, first, the scheme 
of electrical division over the area to be supplied. 
The determination of this calls for the highest abili- 
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ties of the electrician, and within its limits he deals 
broadly with the whole question, cost, &c. Secondly, 
the engineering questions to be solved with reference 
to conduits, means of insulating mains, &c., for 
underground work. We say underground work, 
although a good deal of the pioneer electric lighting 
in this country has been effected by ineans of over- 
head conductors. This has especially been the case 
in the distribution from the Grrosvenor Gallery 
station. Bond Street, London, where nearly thirty 
thousand lights have been maintained, within a radius 
of two miles, entirely by the aid of house-top circuits. 
But the facilities offered by the recent Electric Light- 
ing Bill Amendment Act will doubtless lead to most 
future schemes of distribution being carried out 
underground. 

In the following pages, therefore, we propose ta 
consider — i. The simple single circuity with one and 
more lamps, adapted for arc lighting; 2. A few 
representative installations of multiple arc lightings 
and means for controlling the electric activity therein ; 
3. The two-wire or multiple arc system, with and 
without feeders ; 4. The three-wire system ; 5. Indi-^ 
cators of potential in the distant mains; 6. Mains^ 
and feederSy accessorieSy &c. 

With regard to the conduction of the current from 
the machines to the points where the light is emitted^ 
some of the arrangements employed for arc lighting 
by Messrs. Siemens Brothers and the Brush Electrical 
Engineering Company, and the other leading com- 
panies, may serve as examples. 

The current generated in the machine is conducted 
through a leading wire to the lamp or lamps ; it 
passes in the lamp (in the case of an arc light) from 



300 ELECTRIC LIGHT. 

one carbon point to the other, thereby producing the 
electric light, and returns through another wire (the 
return wire) to the machine. These two wires are 
usually known as "leads" and ** returns." Mr. 
Massey recommends the adoption of these terms 
by electrical engineers generally, it being understood 
that the ** lead " is to be connected to the positive (+) 
terminal of the dynamo machine. He further recom- 
mends the general adoption of a uniform method 
in laying the leading and return wires, by placing 
all "leads" to the left hand (looking from the ma- 
chine, towards the lamp), and all "returns" to the 
right. 

This complete circle is called the outer (or exterior 
portion of the) circuit, and when it is unbroken and 
continuous it is said to be closed; if in any one part 
an interruption of continuity occurs, it is said to be 
open. 

Leading Wires are manufactured of strands of cop- 
per wire, and are either naked or coated (insulated). 
Naked wire may be used for the return wire, 
and it is only when used as a return wire that it 
should be allowed to touch the earth. In some cases 
naked wire may also be used to lead the current to 
the lamps, but in such cases it must invariably be 
insulated from the earth by being attached only to 
porcelain or other insulators attached to walls, poles, 
or trees. No other wire or mass of metal — save binding- 
wire — must touch such a conductor, otherwise there is 
danger of leading off the current back to the machine 
or to the earth before it reaches the lamps. Coated 
or insulated wires are covered throughout their length 
by an insulating substance, such as gutta-percha, or 
india-rubber and tape. 
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Where it is carried through rivers or lakes, or 
buried under ground, the coated leading wire receives 
a further protecting covering of iron wires against 
external injury. 

The following are some of the more frequently- 
employed leading wires (Siemens' system) : — 

Leading WtrCy Fig. 126, consisting of 7 copper 
wires, insulated with tape and india-rubber to a 
diameter of about 0*34" (=8-5°^°^). For a distance 
of not more than 450 yards between machine and 






Fi^, taS, — Section of Insu- 
lated Leading Wire. 



Fig;. 127* — Sccticn. 



Figd 12%* — Section » 



lamp, and a total length not exceeding goo yards of 
wire. 

Plain Copper Sir and of same diameter as in the 
above* 

Leading Wire, Fig. 127, consisting of 14 cop- 
per wires, insulated with tape and india-rubber to a 
diameter of about 0*44" (^irz*^). For a distance 
of not more than 90Q yards betw^een machine and 
lamp, and a total length not exceeding ij8oo yards of 
wire* 

Plain Capper Strand of same diameter as above. 

Leading Wire^ Fig< 128, consisting of ig copper- 
wires Jnsulated with tape and india-rubber to a 
diameter of about 0*48'' [^=•12^2^^), for a dis- 
tance not exceeding 1,200 yards between machine 
and lamp, or a total length of not more than 2^400 
yards- 
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Approximate Equivalent in 




Solid Wire. 


Stranded Cable. 


Machine 
Nos. I & 2 






No. 8 B.VV.G. 


7 Strands of No. i6s B. W.G. 


3, , 


7 


>i »» >> 


4{*) 
4(rf) 

S(«) 
7W 


8 


>> »i >> 


8 
3 

I :; 

8 


7 strands of No. 13s B.W.G. 
7 strands of No. i6s B.W.G, 

ft 99 99 

»> >» >> 
)) )) »» 


8 „ 


7 strands of No. 16 B.W.G. 



Note. — The resistance of one mile of 7 No. i6s is approximately 2*2 
ohms, and every two miles of circuit with wire of this size may be con- 
sidered equivalent to the insertion of an additional 2,000 c.p. lamp. 

Cotton-covered wire of Nos. 12 or 14 B.W.G. is fre- 
quently used for conducting branches for groups of 
the incandescence lamps, and Nos. 16 and 18 may be 
employed for single lamps. For branches exterior 



Fig. 129. — Connecting Single-wire Conductors. 
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Fig. 130,— Twisted Wire Joint. 

to a building it is advisable to use the same wires 
insulated with india-rubber and covered with a pro- 
tecting layer of tape saturated with india-rubber. 
Figs. 129 — 131 represent some of the more useful 
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wire and strand joints as used by the various com- 
panies. Each joint is intended to be soldered. Fig. 
132 shows a connecting piece. Fig. 133 shows 




^;5;^^^^s;?;s:^5^5^<^^ 



Fig. 131. — Connection between Stranded and Single Conductor. 

Clark's Telegraph wire joint. In leading the wires 
it is particularly to be observed that the "lead" 
and " return " do not come into contact. In most 
cases the wires should be kept apart to a reg^ar 
distance. Six inches may 
be considered the mini- 
mum of safety, unless the 
electro-motive force of the 
machine be very low. The 
dryest route should always 
be selected in leading the 
wires. In permanent in- 
stalments the wires should 
be fastened down to floors 
or walls. In no case should 
metallic staples be used 
for this purpose. Leather 
tapes are the most suitable 
fasteners. They should be employed after the manner 
indicated in Figs. 134 and 135. In such cases small 
nails may be used if kept away from the wires. 




Fig. 132. — " Coupling-piece" for 
Leading Wires. 



304 ELECTRIC LIGHT. 

Abrasion of the wire coverings should be particu- 
larly avoided. They should therefore be placed in an 
undisturbed position, and as little slack as possible 
should be allowed. 

The leading and return wires present a certain re- 
sistance to the current. The resistance is less as the 
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Fig. 133. — Latimer Clark's " Britannia Joint." 

wires are larger ; it is, in fact, inversely proportional 
to the sectional area of the wire and directly as its 
length. The leading wires should always offer as 
small a resistance, compared with the source of light, 
as possible. The resistance is generally expressed in 
terms of the unit known as the ohm, which is approxi- 
mately equal to the resistance offered by 210 feet of 
No. 16 B.W.G. of pure copper wire. In the usual 
form of electric lighting circuit, the resistances -are 
those of the machine, leading wire, lamp (or lamps), 
and the return wire. When these are added together 
they are spoken of as the total resistance. Resist- 





Fi^. 134.— Tape Wall-fasten-= Fig. 135 . — Floor-fastening, 

ing for Leading Cable. 

ances are generally determined by means of a Wheat- 
stone's Bridge and a case of resistance coils, by 
methoids expressed in text-books of electricity. 

General Circuit Arrangements. — This branch of the 
subject naturally divides itself into two great sections, 
namely, circuits for electric lighting by the arc system 
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and those employed for the incandescence system. In 
order to elucidate the general arrangement employed 
with the arc system, we may select one kind of 
machine and lamp, namely, Siemens', and offer a few 
remarks concerning them. 

In the case of a single machine and a single lamp, 
the connections between them are easily understood. 
The leading wire is connected to the positive ter- 
minal of the machine (generally marked C or -|-), and 
leads to the upper carbon of the lamp (generally 




Figs. 136 and 137. — Circuits for Single Arc Lights. 

marked C). When a " return " can be effected through 
gas or water pipes, or other continuous conductor of 

large size, the return wire may be dispensed with. 
Those two methods of arranging the connections are 
represented in the diagrams^ Figs* 136 and 137 respec- 
tively. The return wire leads the current from z of 
the lamp (the lower carbon) to z of the machine, or 
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its negative terminal (frequently marked — ). When 
the machine is driven in the right direction, those 
connections will cause the current to flow from the 
upper carbon to the lower. If the upper carbon should 
not bum hollow, but pointed, the polarity of the 
machine may be assumed to have become reversed, 
causing the current to flow in the wrong direction 
through the lamp. In such case the wires at either 
machine or lamp should be attached to reverse ter- 
minals. 

When several continuous-current machines are 
arranged to burn an equal number of arc lamps, it is 
found advantageous to add one more machine be- 
yond the number of lamps to be fed, and use this 
machine to excite the electro-magnets of all the 
others. In such case terminal c of the exciting 
machine is connected with one extremity of the mag- 
net coil of the first light-giving machine, and the 
other end of this wire with the commencing end of 
the electro-magnet of the second light-giving ma- 
chine> and so on with the others until the extremity 
of the electro-magnet coil of the last machine is con- 
nected with z terminal of the exciting machine. 

The right-hand " brushes " or collectors of the light- 
giving machines, representing their positive poles, 
are to be connected to the terminals c of the respec- 
tive lamps. The left-hand combs and the z terminals 
of the lamps are thus connected to a common return 
wire. This arrangement is represented in the dia- 
gram, Fig. 138. 

When the currents employed are alternating, and 
the Siemens' alternating current machine is used, the 
following connecting arrangements are necessary : — 
A small continuous-current machine, as shown in 
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Fig. 139, is used to excite the field-magnets of the 
alternating-current machine; its terminals are con- 
nected with the extremities of the field-magnet coils 




ot the large machine (lower terminals). The termi- 
nals on the contact rings of the alternating-current 
or large machine (upper terminals) consist of the 
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black or " return " terminal, and the brass terminals 
equal in number to the circuits which the machine is 
constructed to work. The lamps are divided into as 
many groups as there are circuits, putting an equal 
number of lamps into each. The connections in each 
group of lamps are made as follows : — 

One brass terminal 
on the contact rings 
of the machine is 
connected with each 
group. The connec- 
tion leads from the 
brass terminal to first 
terminal of first lamp; 
firom second terminal 
of first lamp to first 
terminal of second 
lamp, and so on until 
the second terminal 
of last lamp leads to 
the common return 
wire. The black ter- 
minal on the main 
machine is also con- 
nected to the common 
return wire. 

When it is desired 
to open the circuit, whether in the case of continuous- 
currentor altematingmachines being used, the machine 
should, if possible, be stopped first, otherwise the " extra 
current " evolved by the sudden rupture is very apt 
to injure the insulation of the machine. It is better to 
open the circuit by drawing away the carbons in the 
lamp than to disconnect either of the leading wires. 




Fi?> X39'— Circuit Arrangements for Siemens' 
Alternating Current Arc System. 



RESISTANCE CONTRC 

Accessories J Resistances^ etc. — A 
as " bar commutators " are gener; 
ing several machines to several 
lamps as well as the machines 
changeable among each other, 
series of parallel metal bars pla 
lated from a second Series of m( 
such a manner that the upper 
angles to the lower series. The 
nished with terminals which recei 
from the machines. The upper I 
nals which receive the leading 
wires from the lamps, resist- 
ances, &c. 

The current being led from 
the machine arrives at the bar 
to which the wire is attached. 
Its progress is arrested at this 
point. When it is required to 
transmit the current to a par- 
ticular lamp, a metal plug is 
inserted at the point where 
the bar connected with the 
lamp and the bar connected to 
sect. The current then flows throi 
lower to the upper bar, so comple 
cases where screws are used instea 
be taken not to attempt to open 1 
commutator while the machine i 
of the screws be withdrawn und 
a voltaic arc will be formed at 1 
begin to consume the upper bar 
arrangement is represented in Fi| 

Resistance Controllers, — When z 
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are withdrawn from the circuit, the resistance of which 
should remain constant, an arrangement termed a 
"resistance frame" is inserted. This consists of a 
number of helices of iron wire so attached to connec- 
tors that one or more of the helices may be inserted 
into the circuit, according to the resistance required. 
Zig-zag lengths of iron tape are employed for the same 
purpose, and carbon rods have been much used by 
Messrs. Siemens. When the whole current is so 
passed through the resistance, much heat is developed^ 
and in the case of employing helices of wire they 

should be exposed to 
the cooling influence 
of the air as much as 
possible. In some 
arrangements they 
are immersed in 
water. In Edison's 
system of lighting 
by incandescence, 
the resistances con- 
sist of copper wires 
wound around hexagonal or square frames, and freely 
exposed to the air. In this system, however, only a 
portion of the current — that shunted into the field- 
magnet is transmitted through the artificial resistance. 
The resistance arrangements employed in the 
Siemens systems of arc lighting usually consist of 
carbon-rods placed side by side upon a board, and 
connected with each other in such a manner as to 
create one continuous length of conductor. In Fig. 
141, r r represent the carbon-rods \ abc are terminals. 
The leading wire into the circuit of which the resist- 
ance is to be placed is connected to the terminals a 




Fig. 141.— "Artificial Resistance." 
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and h ; 3 is further connected by 
c. If the plug between a and b 
rent will flow through a and b^ i 
be added to the circuit ; but if t 
then a will be separated from b^ 
traverse each one of the carbo 
These resistance arrangements a 
the circumstances of each case. 

In some cases it is found beti 
of the current through a resi 
directly to the two terminals 
lighting by incandescence, the ci 
ture is almost invariably control) 
strengthening the current excitii 
for this purpose iron wire coils 
The latter method is the more 
if a lamp be abstracted from, 
the former case) and a resista 
be inserted, the same energy is 
the circuit as before, and the 
heating the resistance. In the 1 
is generally small, and by inser 
the field-magnet circuit the amo 
in heat is practically inapprecial 

Siemens* Deviator, — This an 
substitute itself in an arc lam; 
which has accidentally become < 
crude form of electric lamp, and 
it suddenly sends forth when t 
the circuit to which it belongs 
the lamps extinguished. 

It is arranged according to th< 
in Fig. 142. E is an electro-n 
with thick wire. One extremi 
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nected to the metal frame F, and the other to the ter- 
minal M. A is an armature sliding between guides, 
and bearing the upper carbon-rod c, and pushed by 
the spring S, through the rod R, away from E. F, and 
through it R, A, and C, are in contact with terminal L. 
The lower carbon-rod, Ci, is connected with terminal 
L M, The machine is connected to terminals M and 
L M; the lamp to L and L M, When the current 

passes through the 
lamp its course is as 
follows : — C terminal 
of machine, terminal 
M, E, F, terminal L, 
lamp-terminal L M, 
z terminal of ma- 
chine. Thus the cir- 
cuit is closed. In its 
passage through E 
the current makes E 
magnetic, attracts A, 
and separates c and 
Ci; thus, when the 
current passes in the 
proper circuit the 
deviator does not bum. 

Circuits at the British Museum. — The Reading- 
room is illuminated by four inverted pendulum lamps, 
each lamp being fed by a separate dynamo-electric 
machine of the type D2. In the corridors, the offices, 
staircases, and the engine-room, sixteen differential 
lamps are fixed, also forty-seven Swan incandescent 
lamps. The differential lamps are fed by an alterna- 
ting current machine of the type W2. Another 
machine of the same kind and size feeds the incan- 




Fig. 142. — ^Arrangement of Siemens* " Deviator.** 
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descent lamps. The four lamps of the continuous 
current circuits are directly connected to the machines, 
one common return wire serving for all four. The 
differential lamp circuits are arranged as follows : — 
In one circuit eight lamps are placed, and one arti- 
ficial resistance. In the other also eight lamps are 
placed, but as these lamps are not always all burn- 
ing, three artificial resistances are provided. By 
means of commutators, either one, two, or three re- 
sistances can be put into circuit, one resistance being 
commonly used for every two lamps withdrawn from 
work. 

The diagram (Fig. 143) shows the circuits of this 
installation, with the exception of the incandescent 
lamp circuits, which have been added only recently. 
E shows the separate exciter, w the alternating-cur- 
rent machine, D D the continuous-current machines, 
R R R the resistances, L L L the lamps, and s S s S 
the commutators. The continuous-current lamps are 
approximately of 3,000-candle power each, suspended 
at a height of about 30 feet above the floor. The 
alternating-current or differential lamps are of 300- 
candle power, fixed at 15 feet above the floor. The 
forty Swan lamps are of i6-candle power each. The 
whole of the machines are driven by two 8 h.p. 
(nominal) semi-portable steam engines. 

Circuit Arrangements at the Royal Albert Dock^ 
Lrmdon, — The area illuminated is about 9,000 feet 
long and 1,500 feet wide. The lighting is done by 27 
inverted pendulum lamps, each one fed by a separate 
D'^ dynamo (Siemens') machine. The machines are 
distributed in four stations of seven, seven, seven, 
and six light- giving machines respectively. In each 
station an additional machine is used to excite the 
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electro-magnets of the light-giving machines. The C 
terminals of the light-giving machines are connected 
to the lower bars of a commutator, the upper bars of 
which are connected through deviators (previously- 
illustrated) to the lamps. All the z terminals and 
lower carbons of deviators and lamps are connected 
to the common return wire. An electro-dynamometer 
is joined with the commutator, so as to allow of the 
measuring of the current in any one lamp-circuit. In 
the diagram (Fig. 144) E shows the exciter, D D D are 
the light-giving machines, S is the commutator, F the 
dynamometer, G G G the deviators, and L L L the 
lamps. The lamps are suspended from lattice iron 
poles at a height of 80 feet above the ground. Each 
machine station is provided with a 20 h.p. (nominal) 
steam engine. Besides these arrangements the dock- 
sheds have lately been fitted with alternating-current 
lamps of 300-candle power, which are adapted to ex- 
tended circuit wires, so that any one lamp may be 
shifted to any particular part of the sheds. 

Circuit Arrangements for Incandescent Lighting, — 
The method practically adopted for the feeding of 
incandescent lamps is almost invariably that known 
as multiple arc or connection in parallel circuit. Ac- 
cording to this method, in its simplest development, 
two wires are led from the electric source ; they are 
kept apart. The incandescent lamps are then con- 
nected so as to bridge across from one wire to the 
other. In Edison's system only one lamp is so placed 
to form one particular bridge ; the arrangement thus 
consists of a large number of single lamps acting as 
bridges from one electrical main to the other. It is 
found that when the Edison lamp offers a resistance 
of 1 40 ohms when hot, an electromotive force from the 
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machine, or, in other words, a difference of potential 
between the electrical mains of i lo volts, suffices to 




Fig. 144.— Circuit Arrangements at the Royal Albert Docks. 

maintain the lamps when thus made to bridge the 
mains singly. 

But when the lamp presents a much smaller resist- 
ance, or (using the same lamp) when the machine 
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develops a much larger electro-motive force, it is found 
more economical to arrange the lamps in series of two 
or more, instead of singly, to bridge across the mains. 
This is frequently done with the Swan lamps and the 
Siemens machines. The number of lamps to be 
attached in series depends obviously upon the differ- 
ence of potential between the mains, and upon the 
resistance of the lamps. 

Fall of Potential, — When two long wires are led as 
mains from a machine, and the lamps simply bridged 
across, regardless of distance from the machine, it is 
found that the lamps nearest to the machine are 
brighter than those farthest from the machine. 
Hence, it will be found that the lamps at the extre- 
mities of two long mains would receive very little of 
the current, whereas those near the machine would 
be served with too much current. This difficulty is 
met by not attaching the machine to the two extre- 
mities of the mains as described, but more generally 
to their central portion, so that the current is more 
evenly distributed throughout the lamps, and branches 
are also frequently taken from the machine, so as to lead 
a due proportion of the current to parts of the mains 
which would otherwise not receive a due proportion. 

This difficulty is analogous to that which would 
be encountered were we to lead a long gas-pipe carry- 
ing a moderate quantity of gas, and to fix upon it at 
intervals a large number of burners. Those burners 
nearest to the supply end would consume or be sup- 
plied with too much gas, while those at the farthest 
end would not be supplied with the required quantity. 
If, however, we were to arrange the burners in groups, 
upon branches from the main, the difficulty would not 
^be so great to maintain each burner. 
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In the same manner, a given number of incan- 
descent lamps can be more impartially maintained 
by arranging them in groups (or series of two or 
more) between the mains, when sufficient electro- 
motive force is developed for that purpose. In Edison's 
system, where one lamp only is allowed to bridge 
across the mains, " feeders," or auxiliaiy leading wires, 
are so distributed that no portion of the parallel 
circuit can be supplied with more of the current than 
any other portion. It would appear that, although this 
method allows of several lamps being lighted or ex- 
tinguished without sensibly disturbing the brightness 
of the others, the increased cost of laying leading 
wires for purposes of equal distribution would be 
greater than that of feeding the lamps in series of 
two or more, and so dispensing in a great degree with 
supplementary mains. 

The " safety fusible plugs " employed in the Edison 
and Swan systems usually consist of a short length of 
lead wire. Their function is to melt and so sever the 
branch of the circuit in which they are placed, should 
an unduly strong current, by any accident, be trans- 
mitted into that branch. See "Fuses," p. 328. 

The Three-Wire System. 

Dr. J. Hopkinson, F.R.S., introduced this system 
in 1882. It has been very largely used in London,, 
many of the thoroughfares in the West End having 
been served on the system. It is specially adapted 
for " low-tension " working over great distances. 

It presents the advantages of carrying direct from 
the generating station a high potential, which may 
not be carried beyond the mains themselves. Hence, 
the houses are served at a lower potential than that of 
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the mains. At the same 
time, since it is admissible 
to carry a high potential, 
the mains may be made of 
smaller cross section than 
usual in direct systems {t\e. 
systems in which trans- 
formers are not used), thus 
eflfecting a considerable 
saving in the cost of copper 
conductors. In order to 
combine the advantages of 
comparatively high poten- 
tial in the feeding con- 
ductors with lower poten- 
tial in the houses in which 
the electricity is used, Dr. 
Hopkinson conceived the 
use of ^Aree conductors in 
combination with two dy- 
namo machines coupled in 
series. This is shown dia- 
grammatically in Fig, 145, 
where A B represents the 
two dynamos, C D and E F 
represent the extreme con- 
ductors, which are called 
the positive and negative 
conductors J and g H repre- 
s ents th e in t erme di ate con - 
doctor- The positive pole 
of the dynamo machine a 
is conducted to the con- 
ductor c D, and its negative 
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pole to the conductor G H. On the other hand, the 
positive pole of the dynamo machine B is connected 
to the conductor GH, and its negative pole to the 
conductor E F. 

The houses to be supplied are divided into two 
approximately equal parts, preferably the houses 
being taken alternately. The houses of one part are 
supplied between the conductor C D and the conductor 
G H, and those of the other part between the conduc- 
tor G H and the conductor EF. 

The intermediate conductor G H may be of much 
smaller dimensions than either of the other two, as it 
has only to carry the difference of current consumed 
by the two divisions of consumers, that is, those con- 
nected with the conductor CD, and those connected 
with the conductor EF. It need not be insulated, 
and, indeed, it may be replaced by the iron or other 
metallic covering often used to protect the copper 
conductors. In cases where the two divisions of con- 
sumers may be safely assumed to have a very 
approximately equal consumption at all times, the 
intermediate conductor G H may be replaced in part 
by the earth, and the negative pole ol the dynamo 
machine A, and the positive pole of the dynamo 
machine B be connected together and to the earth. 

It is obvious that the system may be extended so 
that in a large station several dynamos may be con- 
nected in series, and dividing the consumers into as 
many groups there will then be two large conductors 
connected to the extreme poles of the dynamos and a 
number of smaller intermediate conductors, one less 
than the number of machines, each connected to the 
junction of two machines of the series. 
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Indicators of Potential in the Distant Mains. 

When electric energy is delivered by means of a 
pair of conductors to a distance from the station 
where the dynamos are kept, there is a fall or loss of 
potential due to the resistance of the conductors, 
greater as the current is greater^ and as in electric 
lighting it is imperative that the potential shall 
remain approximately constant (in the best systems 
it varies less than five per cent, from light to full 
load), the potential at the supply end should be regu- 
lated to meet the call for current. 

Pilot wires, — It is not enough that the potential, or 
fall of potential, at the supply end be known. It is 
far more important to be informed as to the actual 
potential of the mains at the various points of con- 
sumption. For low tension constant current systems 
this is usually accomplished by the use of "pilot 
wires ; " that is, fine wires taken direct from the mains 
to the generating station, from different points. 
These wires indicate upon a volt-meter the potentials 
at the far end. The old practice was to run the pilot 
wire parallel to the feeder, and to attach its far 
extremity to the point where the feeder strikes the 
main. It has been found, however, that this, although 
affording an approximate indication of the loss of 
potential, is not necessarily accurate within narrow 
limits — that the lamps might become too bright or 
too dull when situated at some distance from the 
feeder. The present practice is to run the pilot wires 
to the various fvcats of supply, so as to obtain instant 
warning of the actual fall or rise of potential very 
near to the lamps* In such case the wires are usually 
run parallel with the mains, or shorter direct routes, 
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where the mains may be struck, are chosen. In the con- 
struction of feeding cables these pilot wires are gene- 
rally separately insulated and stranded along with the 
naked cable, prior to the putting on of the main insu- 
lation. This is very convenient, and does not preclude 
the pilot wire being continued alone beyond the 
point where the feeder intersects the main. 

Hopktnson's Indicator. — In circuits of the high 
tension system it is not essential that an independent 
and direct indication of the potential at the extreme 
end of the mains be taken by means of pilot wires. 
Several instruments are in use by which it may 
approximately be determined at the generating sta- 
tion. Dr. Hopkinson's Indicator belongs to this 
class. When the electricity is to be used at a distance 
from the dynamo, and conductors of a sensible resis- 
tance are employed, it is requisite to maintain con- 
stant the difference of potential at the end of 5uch 
conductors and not at the dynamo itself. If E be the 
difference of potential of the poles of the dynamo; R 
the resistance of the conductors from the dynamo to 
the place where the electricity is to be used ; and C 
the current; it is required to maintain not E constant, 
but E — R C, which is equal to the difference of poten- 
tial of the two conductors at their far extremity. The 
instrument for attaining this is shown diagrammati- 
cally in Fig. 146, where A is the dynamo, B are the 
lamps, all placed near each other, connecting the 
conductors, but all remote from A. The apparatus is 
wound with a coil of thin wire making many convolu- 
tions. This coil is connected to the poles of the 
dynamo at E and F and is therefore a shunt to the 
circuit ; it is in fact a potentiometer coil. The appa- 
ratus is also wound with a thick coil through which a 
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portion or the whole cur- 
rent may pass from G to H ; 
the direction of the cur- 
rent in the thick coil being 
opposite to that in the 
thin coil, as indicated by 
arrows. The thin wire is 
of German silver, to secure 
approximately constant re- 
sistance. 

This differentially wound 
volt-meter may be used as 
a potentiometer simply, 
on the principle of any ot 
the forms in use, or it may 
be used in the form of a 
relay, for the purpose ol 
ringing a bell, or other- 
wise giving warning of a 
change in the potential 
and current. One form of 
relay for this purpose is 
suggested by Dr. Hop- 
kinson, and is shown in 
Fig. 147. A and B are the 
coils of thick wire wound 
upon the limbs of an 
electro-magnet, and c D 
the coils of thin wire, both 
wound on the same core, 
the preponderating effect 
of the thin wire being 
opposed by the spring E 
attached to the moveable 
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armature G, carrying the contact piece F, which makes 
contact with H or I according as E — R C is too great 
or too small, and so closes the circuit of one or other 
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F>fir» 147.— Hopkinson*s Indicator. 



of two electric bells, or of other suitable indicating 
apparatus. 

Mains and Feeders. 

According to the practice of the larger electric 
lighting schemes in use in America and Europe, 
mains are generally considered as distinct from 
feeders. 

A main may be defined as a trunk line, from which 
consumers draw their supply direct, and it may be 
supplied with electricity at more than one point. 
When more than one main exists in the same district, 
they may or may not be connected together, accord- 
ing to the requirements of the consumption. Mains 
are generally arranged in a network^ to cover a dis- 
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trict, taking in all the points of probable consumption. 
The planning of such a network opens up questions of 
the deepest interest to the electrician. His aim will 
be to so connect its separate parts as to economise 
energy, and to maintain them at a proper potential 
against all probable demands. If the mains are 
worked at a moderate tension flow tension system) 
diflferent points (where the demand for energy is 
greatest) will be in direct communication with the 
central station by means of thin " pilot " or potential 
wires. Such a system enables the attendant to ascer- 
tain at a glance the variations of potential at the 
points of consumption. The variations cannot easily 
be determined at the dynamo, because the potential 
at the station and at the remote end of a main are 
not necessarily coincident unless mains of extrava- 
gant size be used. 

It has been said that a constant pressure must be 
maintained upon mains. In systems of incandescent 
lighting this is imperative. The reason is not far to 
seek. If a glow lamp takes an electric pressure of 100 
volts to incandesce it to its standard (8, 10, 16, 20 
candle-power as the case may be) a fall of ten or 
twenty volts would make a very great difference in 
the amount of light, frequently 50 per cent. If, on 
the other hand, the voltage should rise to a similar 
amount, the lamp would become very much brighter, 
and would probably be " burnt out " in a short time. 
It is therefore important to guard against making the 
lamps appear "like red-hot hair-pins" on the one 
hand, and the destruction of the filaments upon the 
other. 

Material^ eic,^ of Maitu. — Mains being simply copper 
conductors of considerable capacity, different autho- 
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rities advocate distinct shapes or particular forms of 
construction. The most usual form is that of the 
stranded conductor, having many wires, acting as one, 
shown in section in Fig. 128, p. 301. These cables 
are generally heavily insulated in gutta-percha, 
hemp, jute, vulcanised rubber, &c., and are frequently 
further "armoured" by a sheathing of twisted iron 
wires. Or the cable is, after being insulated, covered 
with lead. The object of so much expenditure upon 
insulation, &c., is simply to cheapen the cost of con- 
structing trenches or conduits, and of providing 
means for high insulation therein. But the system 
in use in Paris upon a large scale has proved that 
naked cables may be used with every advantage. In 
this system the cables (of silicum bronze) are carried 
in conduits of concrete, beneath the kerb, upon insu- 
lators of porcelain placed about every six feet. The 
insulation of these mains is said to be very high. 
The same system has been extended to London, 
where a large proportion of the work has been done 
upon the three-wire system, the conductors being in 
many cases of "strap" copper, carried upon insu- 
lators in suitable conduits. 

There is little reason to doubt that the mains of 
the future will be chiefly of naked copper or bronze, 
and preferably of the "strap" form, especially for 
high-tension work. 

Several patents have been taken out for particular 
methods of constructing and insulating the mains. 
One of the most interesting of these is the invention 
of Ferranti (No. 2,315, 1888), who proposes to employ 
a twin main, the core of which is to convey the nega- 
tive or positive current from the dynamo. The core 
is hqavily insulated from the exterior metallic sheath- 
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ing, which forms the "return." The main is com- 
posed, first, of a copper tube of small diameter, sur- 
rounded by a considerable thickness of insulating- 
material, the whole being enclosed in a copper or 
other metallic tube, about three inches in diameter. 
It is to be particularly observed that the " return " is 
intended to be put in connection with the earth, and 
that only the core is to be maintained in a carefully 
insulated condition. This is known as the " con- 
centric " method of construction. This main is con- 
structed in lengths, and suitably jointed together. 
The Ferranti system employs high tension alternating 
currents, and these mains are intended to be used 
for conveying electricity to Central London from the 
large generating station at Deptford, where the Fer- 
ranti system is exclusively employed. It is question- 
able whether concentric mains will, except where a 
large supply is required, take the place of insulated 
cables. 

Concentric mains on the same principle, but with 
both conductors insulated, are being largely used, 
especially on the Continent. The concentric method 
minimises the loss of energy usually arising from 
self-induction, especially when alternating currents 
of high tension are in question. 

Junction Boxes — Distribution Boxes. — At certain 
points along the course of a main it is necessary to 
provide mains for connecting feeders, examining the 
mains, and for making connections for consumers' 
supply, in the form of wells or man-holes, easily 
accessible from without These are known as junction 
boxes- 

Feeders. — The chief distinction between mains and 
feeders lies in the fact that a main la a conductor that 
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may be tapped at any point for consumers' supply, 
while a feeder is a conductor leading direct from the 
dynamo-machine or other source of electricity to the 
main, and is not tapped on the way. The cross- 
section of feeders is generally much smaller than that 
of mains. 

Electric Light Conduits. — It may be thought that 
the extensive experience of underground wiring ac- 
quired by the Postal Telegraph Department might 
possibly afford a safe guide to engineers in the work 
of laying electric light feeders or mains. But such is 
not the case. The conditions are very different. The 
currents to be carried are enormously greater, tension 
is similarly higher, and there is also the question of 
frequent tapping along the course of the main. The 
electric light conduit can hardly be said to have 
emerged from the experimental stage, and every likely 
form is under test. Conditions, too, vary greatly. 
The proximity of gas, water, and other mains have a 
certain influence, and the nature of the roadway, with 
the traffic carried, also bears strongly upon the suc- 
cess or failure of a particular class of conduits. Mr. 
John B. Verity read a paper before the Institute of 
Electrical Engineers, on April nth, 1889,* in which 
an extensive experience of electrical conduits, both at 
home and abroad, finds practical expression. 

The Fuse and the Cut-out. — In the wiring of build- 
ings for the electric light certain precautions are 
usually taken against the risk of fire. There may be 
said to be a possibility of the wires leading from the 
mains becoming hot enough to ignite dry woodwork 
under certain conditions, which, however, seldom or 
never occur in practice. But to satisfy the stringent 

* See The Electrician, April 26, 1889. 
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rules issued by the fire insurance companies, it is 
usual to insert in the circuit certain portions of con- 
ductor that will easily fuse upon the wires becoming 
hot, and so cutting out the faulty circuit from the 
main supply. Such an accident might, for example, 
take place if the two house wires came into conduc- 
tive contact within the building. This short circuit 
from the fault to the mains would then in all proba- 
bility become very hot, or an electric arc, capable of 
setting fire to inflammable substances, might ensue at 
the fault if the contact were only partial. 

Hence, to protect a moderate length of such house- 
circuit, a pair of fiises are placed at its junction with 
the mains. This is the correct position for the first 
fuses, but it is not always convenient to place them 
in that position. If a considerable number of lamps 
are to be run by the circuit, so that it takes the form 
of a pair of sub- mains with branches, fuses should be 
fixed at the root of each branch. ^vX fuses should be 
used sparingly y as too free a use of them will introduce 
dangers greater than those they are supposed to avert. 

A fuse is a short length of tin or lead wire, or it 
may be of tinfoil. Tin wire has been found the most 
suitable substance, because it does not easily oxidise, 
and melts without " firing." 

Mr. A. C. Cockbum read a paper on " Safety Fuses 
for Electric Light Circuits " at the Institute of Elec- 
trical Engineers on December 8, 1887,* in which he 
describes various instructive experiments bearing 
upon this question. The alloy he recommends is 
composed of tin with the addition of 5 per cent of 
phosphorus < This is stated to fiise at a temperature 
of 235° C* Various alloys are used ; but for general 

* " Journal *' of tte Instityle. 



330 ELECTRIC LIGHT. 

purposes in this country electrical engineers are 
agreed that tin wire or foil answers the purpose suffi- 
ciently well. Numerous devices have been invented 
for affixing the fuse to the leading wire. " Plugs '* 
of fusible alloy are frequently used to close the circuit 
between the two ends of the wire ; the fusing of the 
*' plug " and the dropping out of its substance break- 
ing the circuit. As the fuses have to bear currents 
of various powers without the chance of rupture, they 
are constructed in various sizes, as capable of feeding 
5, lo, 20, lOO lamps, &c., without melting. The fuses 
are thus generally marked with the current they are 
intended to safely carry. In the selection of fuses it 
is important to observe that when the fuse melts its 
substance drops by gravity away from the wires, so 
completely severing the circuit. Sir William Thomson 
and others have introduced fuses in which a spring is 
employed to rupture the circuit upon the alloy becom- 
ing overheated. 

Switches.— K. great improvement has recently been 
effected in the switches used for opening and closing 
the main circuits by the introduction of Mr. Hedge's 
double-pole switches. This, if placed at the root of a 
main branch, can be used for disconnecting both 
wires simultaneously from the mains. Simple or 
single switches are made in immense variety. The 
chief requisite in a switch is, first, perfect contact, 
and, when opened, a sudden and complete severance 
of the circuit. This is usually effected by a spring, 
so that when the switch is once moved it opens sud- 
denly of itself. "Switch-boards" and distribution 
boxes, as used for large installations and central 
dep6ts, scarcely come within the range of the present 
pages. Many of them are of wonderful ingenuity. 
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Electrical Measuring Instruments. 

Siemens' Electro - Dynamometer. — This instrument 
(Fig. 148) is generally used for measuring the current 
from either continuous-current or alternating-current 
machines. It consists of a wooden frame placed on 
three levelling screws. On the lower (horizontal) 




Fig. 148, — Siemens' Electro Dynamometer. 

part of the frame three terminals are arranged ; to the 
upright part a iSxed coil of two insulated copper wires 
is attached, and to the upper end of the frame a disc 
with a movable axis. The circumference of the disc 
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is divided into degrees. The two wires of the fixed 
copper coil are connected each with one end to a 
terminal and with the other end to a mercury cup. 
The two wires are of unequal thickness, the stout one 
being connected to terminal 3 and the mercury cup 
and the thin one to terminal 2 and the cup. From 
the axis of the disc hangs on a fine spiral spring a 
movable loop of stout copper wire, which dips with 
one end into the mercury cup and with the other into 
a second mercury cup below the first one. . This 
second mercury cup is connected to the central ter- 
minal. 

The loop bears an index arm reaching up to the 
circumference of the disc. The movable axis from 
which the loop is suspended bears a pointer, which 
is fixed to it by a collar and a small screw. The 
top of the axis has a screw head. A plumb-bob 
attached to the frame serves to place the instrument 
in a perpendicular position. A small horizontal 
axis with screw-head in its outer end, and resting 
on the larger movable axis with its inner end, 
holds the suspension of the copper loop, and by 
turning it one way or another the copper loop is 
lifted so as to move freely, or let down so as to 
rest immovably. 

For use, place the instrument on a firm basis, 
put it into a position that the plumb-bob will hang 
perpendicularly, lift the loop to move freely, and 
see whether the index arm on the copper loop and 
the pointer from the axis both point to zero on the 
disc. Should they not do so, turn the vertical 
axis until the index arm does, and then loosen the 
screw on the collar of the pointer and turn the 
pointer until it also rests on zero, then screw the 
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pointer fast again. The wires of the circuit, the 
current of which is to be measured, are connected 
to terminals i and 3, if a strong current is to be 
measured, or to terminals i and 2, if the current is 
weaker. 

The current then, in the first case, enters at ter- 
minal 3, passes through the stout wire of the fixed 
coil into the upper mercury cup, through the movable 
copper loop into the lower mercury cup, and leaves 
at terminal i. 

While passing, the current makes the loop turn 
from its position of rest, and its index arm there- 
fore leaves the zero on the disc. The movable axis 
must then be turned until the index arm has returned 
to zero, and the angle through which the axis has 
been turned is shown by the pointer on the disc. 

If several currents are measured by this instrument 
they bear the same proportion to each other as the 
square roots of the respective angles observed. 

A table at the back of the instrument gives the 
constants to be used for calculating from the angle 
the current in ampferes. These constants only hold 
good, however, for the particular spiral spring which 
was in the instrument when the constants were 
determined. A later form of the instrument, so ar- 
ranged that it can be used aboard ship, and that the 
reading can be taken direct from the dial, was de- 
scribed by Mr* Alexander Siemens at the Society of 
Telegraph Engineers, December i, 1887. 

Stemens' IVaU-Mcier, — This instrument is intended 
to measure at one operation the activity in a circuit. 
It somewhat resembles the same makers dynamo- 
meter, which is more especially intended for the 
measurement of alternating currents. Here we deal 
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direct with both the current and the potential, and 
obtain at one reading the watt-energy in the circuit. 
The instrument consists of a coil of fine wire of rect- 
angular shape, and of a single rectangle of very thick 
wirey capable of moving over the fine wire coil. In 
these respects the instrument is very similar to the 
dynamometer already described except that the wire 
in the coil is much finer, and acts as a potentiometer, 
or volt meter, and the single turn much thicker. The 
movable coil is suspended by a torsion spring in the 
same way. The connections with the circuit are so 
arranged that the whole of the current passes through 
the thick coil. The fine coil is connected as a loop 
or by-pass, and, of course,only takes a proportion of the 
current— this current is always proportional to the 
difference of potential between the extremities of the 
mains being measured. When the currents pass 
there is an attraction between the coils tending to 
pull them into the same plane. The torsion spring 
is now brought into play, and is rotated by hand until 
the coils are brought back to the position at right 
angles to each other, as in the case of the dynamo- 
meter. A table accompanies the instrument, showing 
at once for every given degree of torsion so imposed 
the electrical activity in watts. 

Ayr ton and Perrfs Ammeter, — This instrument de- 
pends upon the principle that a fragment of iron, if 
placed in a magnetic field, will, if free to move, place 
itself in the strongest part of that field. A peculiar 
form of spiral spring is also used in the ammeter (or 
ampfere meter) so adapted as to rotate in proportion 
to the pull exerted upon it. Within a vertical tube of 
soft iron is placed the small piece of iron of cylindrical 
shape, suspended by the spiral spring already men- 



VOLTMETERS. 335 

tioried. The upper end of this spring, which is free 
to rotate, carries a pointer moving over a dial, gra- 
duated. The instrument is rendered active by a 
solenoid (of insulated wire) surrounding the iron tube, 
and a certain distance be5^ond it, downwards. The 
iron piece being suspended just at the base of the 
iron tube is pulled downwards, when the current is 
passed, into the space below the tube, and in this 
motion exerts an effect upon the spiral spring, so 
rotating the pointer. Since the pull is proportional 
directly to the current passing, and the rotation of the 
pointer is in unison, the instrument presents the great 
advantage of showing direct the current in amperes 
upon an equally graduated scale. A very complete 
protection from outside magnetic or electrical influ- 
ences is given to the ammeter by a sheathing of iron 
plate. 

Voltmeters, — ^The instruments spoken of above are 
more especially adapted to the measurement of cur- 
rent. To determine the electrical pressure or poten- 
tial a rather different class of instrument has come 
into use. These are known as voltmeters (as indi- 
cating how many volts pressure), potential galvano- 
meters or potentiometers. The general principle of 
the voltmeter is the same as that of the current 
meter. The chief difference lies in the high resist- 
ance of the voltmeter coil or conductor, as compared 
with the low resistance of the current meters. On 
the other hand, a current-measuring instrument will 
measure the volts, provided it does not admit of an 
appreciable flow of electricity* So that many current- 
meters are easily converted into voltmeters by ex- 
changing the low-resistance coil for one of very high 
resistance. 
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Sir William Thomson has devised many beautiful 
instruments for this purpose, and his gravity volt- 
meter is well-known to working electricians. It con- 
sists essentially of a conical solenoid having a very 
high resistance (200 ohms, a coil of fine wire in the 
shape of a cone). A short stumpy piece of soft iron 
is suspended in the interior of this coil, balanced 
from the short end of a light "steelyard" of alu- 
minum, moving over a graduated scale. When the 
current passes it produces a magnetic field in the coil, 
which (on account of the cone shape) is stronger at the 
top than at the bottom. The iron bob is thus attracted 
further upwards into the coil, carrying the steelyard 
with it. The long end of the steelyard then shows at 
once the potential in volts. An additional resistance 
of platinoid wire, of 2,000 ohms, is also included in 
the circuit. No spring is used in the instrument, the 
counterforce being gravity, which is constant for any 
position of the steelyard. This voltmeter is adapted 
for constant currents. 

Cardew's Voltmeter. — ^A great deal of practical work 
is being done with the excellent voltmeter devised by 
Captain Cardew. This voltmeter does not depend 
upon electro-magnetic action. It is extremely simple, 
depending merely as it does upon the elongation or 
sagging of a stretched platinoid or platinum wire 
when currents are passed through it. The instrument 
consists of the stretched wire, one end of which is 
rigidly attached to the framework, while the other 
extremity is kept tight by a spring. This end of the 
wire is attached by a multiplying motion to an indi- 
cator moving over a dial, graduated in volts. The 
finger shows the volts at once. The wire is stretched 
within a long tube, the material of which, it has been 
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found, must have the same co-efEcient of expansion 
as that of the wire itself. The tube is, therefore, made 
partially of iron and partially of brass. When con- 
nections from the extremities of the wire (usually 
through a resistance coil) are made to the dynamo 
terminals or mains, the pressure in which it is desired 
to ascertain, the finger is immediately deflected ; but 
it does not take up a steady position immediately. 
This is owing to the gradual heating of the wire, and 
not until the increments of heat produced by the cur- 
rent are balanced by the heat lost by the wire by 
radiation, convection, &c., does the true potential 
appear upon the dial. The instrument is made to 
suit various voltages, and is considered the most 
reliable form of voltmeter, especially for electrical 
pressures under i,ooo volts. In most cases where 
the Cardew voltmeter is in use at central stations, it 
is kept permanently connected with the mains, and 
indicates within narrow limits the variations of po- 
tential. 

Messrs. Ayrton and Perry* have devised certain 
improvements upon the well-known Cardew instru- 
ment. In their improved voltmeter they have utilised 
the Cardew principle of the sagging wire, but have 
both modified the disposition of the wire and wedded 
thereto their ingenious torsion spring, as described 
in connection with their ammeter (p. 334).! The plati- 
noid wire in Messrs. Ayrton and Perry's instrument 
is rigidly attached at both extremities, and the indi- 
cations are taken from its central portion, the indicat- 
ing torsion-spring, carrying a pointer moving over a 
dial, being attached thereto. The instrument is said 

* Paper read at the Institute of Electrical Engineers, January, 1888. 
t Proceedings of the Royal Society, No. 230, p. 311, 1884. 

Z 
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to be especially accurate for the measurement of low 
tensions. 

Dr. Fleming and Mr. Gimmingham have brought 
out a useful form of portable voltmeter, which is recog- 
nised as the standard instrument of the Edison- 
Swan Company 



CHAPTER XI. 

MEASUREMENT OF THE ARC LIGHT 

Photometric measurements, as applied to the 
light produced by electricity between two carbons 
points, are not so easily obtained accurately as may 
be supposed. The value is usually given in terms of 
comparison with the standard sperm candle, burning, 
as nearly as possible, 120 grains per hour. 

London gas, with a burner consuming about 5 cubic 
feet of gas per hour, gives an average illuminating 
power of 15 standard candles, Liverpool gas 16 ; and 
the gas of other towns varies in quality so greatly 
that gaslight should never be employed as a standard 
of measurement unless its actual value has been de- 
termined. In France the measurement is usually 
made by comparing with the light of a Carcel lamp, 
burning 648 grains of pure oil per hour. An ordinary 
gas-jet, burning 4 J cubic feet per hour, is equal to 
i^Vth of a Carcel light as above. A burner consuming 
7 feet per hour is equal to 172 Carcel lights — taking 
i6-candle gas. 

The intensity of the beam of electric light varies 
considerably according to the relative positions of the 
carbons. Thus, if a carbon having a square section 
be placed so that its axis corresponds with the line of 
one of the angles of the other carbon, the beams of 
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light in different directions will vary as much as the 
ratio of 38 to 287, and even when the axis of one car- 
bon lies properly in a prolongation of the axis of the 
other, the beam will vary with the angle formed by 
the beam with the axis of the carbons. Thus it is 
stated that the beam at right-angles to the axis has 
measured 970 candles only, whilst that measured at 
45° with the axis of the carbons has been 2,000 
candles. The light should, therefore, always be 
measured on a beam at right-angles to the axis of 
the carbons. 

Rumford's Photometer is one of those often used, and 
its simplicity recommends it to the practical elec- 
trician. It consists simply of a calico or other screen, 
in front of which, and about a foot from it, is placed, 
vertically, an opaque rod of any material, such as 
blackened wood. The lights to be compared — for 
example, a candle and a gas-jet, are placed at 
different distances from the rod, and the gas-jet is 
moved until the shadow it casts from the rod upon the 
screen is equal in intensity to that produced by the 
candle, which will, of course, be much nearer to the 
rod. The intensity of light diminishes as the square 
of the distance increases, or in other words, the inten- 
sity of the light is inversely proportional to the sqtcare of 
the distance. Since the intensity of a light at twice 
the distance is one-fourth, and at three times the dis- 
tance one-ninth, it is obvious that if two sources of 
light, of which one is placed at a certain distance 
from the surface while the other is placed at a dis- 
tance twice or three times as great, produce equal 
degrees of illumination, the illuminating power of the 
more distant light must be four or nine times as 
great compared with the illuminating power of the 
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light which is nearer to the surface. From this it is 
clear that when two sources of light produce equal 
intensities of shadow upon two surfaces at unequal 
distances, their illuminating powers are in the ratio 
of the square of their distances from the illuminated 
surfaces. 

Unfortunately, a difficulty is introduced in such 
work by the redness of a candle light and the intense 
violet rays given ofiF by the electric arc light. For 
electric arc light measurements it is found better to 
use Bunsen's photometer, which enables the inten- 
sities to be compared with greater accuracy than is 
possible by the use of the opaque rod and screen. 
The difficulty consists in the very different appear- 
ance presented by a shadow cast by the reddish 
candle, and that given from the brilliant electric light. 

Bunsen's Photometer consists of a square wooden 
frame, over which is stretched a piece of white paper 
having a circular grease-spot in the centre. When 
lights are to be compared, a straight line is drawn 
upon a flat surface, the paper screen is placed verti- 
cally upon it with its centre on a level with the two 
lights, which are arranged upon either side of it. The 
stronger light is moved away upon the line until the 
grease-spot is not visible, and then, as before, by mea- 
suring the distances between the lights and the screen 
and comparing them, the power may be determined 
with considerable accuracy. A wax-spot is best made 
by dropping melted stearine upon the paper, removing 
it with a knife, and weakening the strength of the 
spot by passing blotting-paper on either side of it 
under a hot iron. If the spot be too strong, it will be 
difficult to arrive at a correct estimate of the values. 

Equal advantages should be given to both lights, 
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For example, if the electric light be thrown upon the 
screen from a parabolic reflector, the candle-light 
should be also provided with a similar backing. If 
the electric light be diffused, the candle-light should 
also be diffused, and care is necessary to have tha 
backgrounds and sides near to the lights equal in 
colour or reflective power. Care is also necessary that 
the experiment be made in an otherwise dark place. 

In the experiments undertaken by the Committee 
of the Franklin Institute to determine the efl&ciency 
of the dynamo-electric machines placed in their 
hands, namely, the large and small Brush, the Wal- 
lace-Farmer, large and small, and one of Gramme's 
machines, care was taken, in order to make the mea- 
surements as accurate as possible, so to arrange the 
apparatus that no reflected or diffused light should 
fall on the photometer, and thus introduce an element 
of error. 

The electric lamp was enclosed in a box open at 
the back for convenience of access, but closed with a 
non-reflecting and opaque screen during the experi- 
ments. Projecting from a hole in the front of the 
box was a wooden tube, 6 in. square inside and 8 ft, 
long, with its inner surface blackened to prevent re- 
flection, thus allowing only a small beam of direct 
light to leave the box. 

The beam of light passed into a similar wooden 
tube, placed at a proper distance from the first (about 
30 ft.), and holding in its farther end the standard 
candle. This tube also held the dark box of a Bun- 
sen photometer, mounted on a slide, so as to be easily 
adjusted at the proper distance between the two 
sources of light. A slit in the side of the tube 
enabled the observer to see the diaphragm and 
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grease-spot. The outer end of the second tube was 
also covered by a non- reflecting opaque hood, and the 
room was, of course, darkened when photometric 
measurements were taken. The rigid exclusion of 
all reflected or diffused light is believed to be the only- 
trustworthy method of obtaining true results, and 
will, no doubt, account in a great degree for the lower 
candle-power obtained'in these experiments than that 
given by many previous experimenters. 

The difficulties encountered in the measurement of 
the light, arising from the difference in colour, were 
at first thought to be considerable, but further prac- 
tice and experience enabled the observer to over- 
come them to such an extent that the error arising 
from this cause is inconsiderable, being greatly less 
than that due to the fluctuations of the electric arc 
itself. 

The Franklin Institute Committee considered what 
advantage would be gained by using a larger source 
of light than the standard candle, but after making 
several experiments with gas flames and the oxy- 
hydrogen light, they determined to use a standard 
candle only, making corrections for any variations in 
the rate of consumption of 120 grains per hour. 

In determining the light-giving power of the current 
produced by the different machines, a continuous run 
of from 4 to 5 hours was made, and great care was 
taken to keep the axis of the two carbons of the lamp 
in the same line. To facilitate observations, a lens 
was placed in the side of the electric lamp box, in 
line with the carbon points. The axis of the lens was 
at right-angles to the beam of light going to the 
photometer, and an image projected upon a screen, 
from the lens, enabled the observer to note the con- 
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dition of the carbon points without distressing the 
eye. Photographic views of the carbon points were 
also taken at the moment of making the photometric 
observations, and care was observed that, at the 
moment of making the measurement, there was no 
fluctuation or moving from side to side of the electric 
arc. 

The first of the following tables exhibits the results 
obtained by the Franklin Institute from their photo- 
metric measurements of the lights from the Brush 
machines, large and small ; the Wallace-Farmer ma- 
chines, large and small, and the small machine of 
Gramme, made by Breguet, and sent by him to the 
Philadelphia Exhibition. The second table gives 
some particulars of the experiments made at the 
South Foreland by Mr. (now Sir James) Douglass, 
the engineer to the Trinity Board, in 1876 and 1877. 

The measurements of electric lights made by the 
Franklin Institute, and those by the Trinity House 
authorities, thus include particulars of the chief ma- 
chines then in use. 

It is but fair to the proprietors of the Gramme ma- 
chine, as tested by the Trinity Board, to state that 
the type of apparatus tried was not the best in use, 
and that the Gramme has since been found in 
practical working to very nearly reach the candle- 
power per horse-power of the smaller Siemens ma- 
chine. 

According to Messrs. Sautter, Lemonnier and Co.'s 
experiments, made by them in Paris, they give for 
the Gramme machines : — 

A type 2,400 ) 

C type 2,800 > Standard candles per h.p. 

D type 3,125) 
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In the photometric measurements of the Trinity 
Board, the standard of comparison was the 6-wick 
colza-oil lamp of the Board, and it was placed at a 
distance of loo feet from the electric lamp. It was 
found that when two of Siemens' machines were 
coupled together, they gave a larger candle-power 
than when worked separately. Working separately 
the aggregate light was equal to 12,403 candles, while 
the illuminating power rose to 14,134 candles when 
the machines were joined to one cable and driven at 
the same speed as before. 

Measurement of Incandescent Light. — ^To obtain 
accurate comparisons of the light powers of the 
incandescent lamps has been found to present na 
difficulty. 



CHAPTER XII. 
MATHEMATICAL NOTES. 

Dr. Hopkinson's Investigations. — Dr. Hopkinson, in 
April, 1879, r®^d ^ valuable paper on "Electric 
Lighting" before the Institution of Mechanical En- 
gineers. In this communication he gives the results 
of experiments on one of Siemens' continuous-current 
dynamo machines to establish the relation between 
the electro-motive force, resistance of the circuit and 
current, and also between the energy transmitted, 
measured by dynamometer, and that appearing as 
current. The curve formed by taking the current as 
abscissae and the electro-motive force as ordinates 
when different resistances are in circuit, is given, the 
quantities being reduced to a common rate of 720 
revolutions a minute, it being taken that electro- 
motive force, with the other elements constant, is pro- 
portional to the speed. From this curve, now generally 
known as the " characteristic " of the dynamo, various 
problems can be solved. It will determine what cur- 
rent will flow at any given speed of rotation of the 
machine, and under any conditions of the circuit, 
whether of resistances or of opposed electro- motive 
forces. 

Mr. Schwendler's Experiments. — With regard to the 
relation of speed to currents and electro-motive force, 
Mr. Schwendler* states : " The current produced by a 

♦ Precis of Report to the Board of Directors of the East India Railway 
on electric light experiments. 
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dynamo-electric machine through a given constant 
total resistance in circuit increases permanently with 
the speed of the induction cylinder. This increase of 
current for low speeds is more than proportional to 
the speed ; afterwards it becomes proportional, and 
for high speeds the increase of current is less than 
proportional to the speed. The current has, however, 
no maximum for any speed, but reaches its greatest 
value at an infinite speed. This same law, as the 
total resistance in circuit is supposed to be constant, 
of course holds good also for the electro-motive force/' 

With regard to the influence of external resistance, 
Mr. Schwendler further states : " Keeping the speed 
constant, the electro-motive force decreases rapidly 
with increase of external resistance. This decrease is 
more rapid the smaller the internal resistance of the 
machine. Hence the currents must decrease much 
more rapidly than proportional to the total resistance 
in the circuit. As in the case of speed the electro- 
motive force has no maximum for a certain external 
resistance, but approaches permanently its gfreatest 
value for an external resistance equal to nil." 

Relation between Magnetisation and Speed in the 
Dynamo Machine. — Professor S. P. Thomson,* in a 
paper on " The Conditions of Self-excitation in a 
Dynamo Machine," communicated to the Society, 
arrived at the conclusion that in a well-built dynamo, 
where c is the number of conductors counted round 
the periphery of the armature, n the number of revo- 
lutions of the armature per second, N the whole num- 
ber of magnetic lines (in c G S units) which traverse 
the armature, / the current in the circuit, S the num- 
ber of convolutions in series with the main circuit, E R 

♦ Note read before the Physical Society, January 26, 1889. 
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the sum of the electric resistances (in c G S units) of 
the circuit in which the E MF operates, and Ep the 
sum of the magnetic resistances in the magnetic cir- 
cuit ; the equation of E M F is 

^ c N = E R ^; 

and the equation of magneto-motive force is 

4 TT S ^' = E p N, 
from which by multiplication together, 
47rS^C = EpE R, 

or the product of the magnetic and electric resistance 
is constant for a definite speed of rotation. The last 
equation gives the means of determining the limit 
of self-excitation when the speed was altered by a 
definite amount, for the equation may be written 
4 7rC S Ep 

ER — ~fr' 

showing that self-excitation will continue until resis- 
tance to magnetism is proportional to the speed. 

Mr. Alexander Siemens' Paper at the Society of 
Telegraph Engineers. — Mr. A. Siemens has pointed 
out,* that in the ordinary dynamo machines as 
generally used, "the intensity of the magnetic field 
in which the armature revolves varies very much*, 
being greatest when the external resistance is 
smallest, and vice versa. If, therefore, the lamps 
producing the light are not working very regu- 
larly, their action re-acts continually on the machine 
in the most unfavourable way, by weakening the 
magnetic field when the resistance is greatest and the 
current most wanted, and by inducing the most 
powerful currents when the least resistance is to be 

* Journal Soc, Tel. Eng., March, 1880. 
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surmoontecL" This often destroys the insulation of 
the wire. 

To obviate this the electro-magnet circuit has been 
made a parallel circuit to the external resistance 
circuit, one circuit acting as a shunt to the oth^*. In 
this case, as the external resistance increases the 
E.M.F. rises, as more current passes through the 
electro-magnet circuit. 

But althoi^h this causes the E.M.F. to vary in the 
right direction, it still causes fluctuation, and the 
variation in the strength of the field-magnets causes 
a variation in the power absorbed, and also displaces 
the most favourable point for the brushes. 

A constant and permanent magnetic field is there- 
fore recommended by using a separate machine for 
exciting the electro-magnets. 

It is also pointed out that length of leading wires, 
by adding to the resistance of the circuit, diminishes 
the fluctuations in the current caused by the variation 
in the resistance of the arc. 

Alternate-current machines appear, according to 
Mr. Siemens, to stand wear and tear better than the 
continuous-current machine, and in those made by 
Mr. Siemens an important improvement has been 
introduced by omitting the iron cores of the revolving 
coils. The heating effects of the cores caused by 
the incessant reversing of their polarity is thereby 
avoided, and the intensity of the magnetic field 
scarcely affected. 

Mr. FiizgeralSs Investigations. — Mr. Fitzgerald 
argues that there is no force in nature varying 
simply as the number of cells in series of a battery 
or corresponding with what is known as electro- 



motive force, and no inertia varying according to 
what is defined as electrical resistance. 

Further, it is observed that the effects of varying 
those "current elements" are very different in the 
two cases of the dynamo-electric and the voltaic 
currents. The law of Ohm, as previously applied to 
the current effects of voltaic batteries, was thought 
by some to be inapplicable in certain points to the 
dynamo-electric machine and its currents. This does 
not mean, however, that the well-known law of Ohm 
is incorrect as a law of phenomena — an expression 
indicating a necessary relation — but from a physical 
point of view as empirical as other mathematical laws 
in which causation is lost sight of. 

E 

In the case of any electro-motor the equation I = - 

is perfectly applicable. In the voltaic battery, how- 
ever, a variation of R does not of necessity affect E, 
which is altogether independent of such variation 
when this occurs in the external portion of the circuit. 

Thus we have generally i a -, or current varies in- 

versely as the resistance in circuit. 

A variation of E does not necessarily affect R ; and, 
when the external resistance of the circuit bears a 
high ratio to the battery resistance, a variation of the 
electro-motive force from E to E^ — an addition to, 
or diminution of, the number of cells in series — 
causes the current to vary approximately in the ratio 

E^ 

— . Accurately, the variation in any case is deter- 

E 

E^ R 

mined by the ratio , where p is the resistance 

E R -|- p p 
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of the cells added or subtracted. Thus, 

E E^R _ E^ 



R ER + Ep R + p 

In the case of a telegraph circuit for instance, 
we have approximately i oc E, On the other hand, 
in the dynamo -electric machine, converting into 

electrical work a given horse-power, l oc —. — , since, 

V R 

the ratio — being constant, E^ oc R, E oc V R> and 

R 

E 1/ R I rr- . . r . . . 

- Qc -1—— = —-—., Thus any variation of R m this 
R R V R 

case necessarily affects E. 
Again any variation of E necessarily affects R ; and, 

the product E i being constant, we have i oc -, a some- 
what startling result, which, to some observers, has 
appeared contradictory to the law of Ohm. With 
this, however, it is in perfect accord— in effect, since 
E a V R, R oc E^ and 

R ^ E^^e' 

or, when E is varied, the current varies inversely as 
the electro-motive force, because the resistance varies 
as the square of this value. 

It will be seen that R or E^ = -«, and that the same 

quantity of work will be done by the current whatever 
may be the resistance in the circuit. 

If h. p. be taken to express the total horse-power 

converted into electrical work (in the whole circuit}, 

under the best conditions, with a Gramme machine of 

the form experimented with at the Franklin Institute, 

H. P. = h. p. X 1*39, 



MATHEMATICAL NOTES. 353 

and the efficiency of the machine is expressed by 

h. p. , 

^^-^ = 72 nearly. 

Or the machine can convert into electrical work 72 per 
cent, of the energy expended upon it. 

Let E = electro-motive force, in volts, acting in a 
circuit. 

R the total resistance in ohms, of the circuit. 

r = resistance of the voltaic arc obtained. 

H. P. = h. p. of the prime motor working the 
dynamo-electric machine. 

h. p. = the h. p. absorbed in the production of 
electrical work in the circuit. 

A. == the intensity as standard candles, of the 
electric light so arranged as to illuminate equally in 
all directions. 

A = intensity of the light in one particular direc- 
tion ; the light being arranged to give the maximum 
illumination (without reflectors) in this direction. 

The energy of the current, or the mechanical equi- 
valent of the work and heat produced by it per houVy 
will be 

,v ^ E^ X ^654 ft..ibs. = 5^-2^118 ft..tons. 

R R 

Horse-power absorbed in the current 

/ energy in ft.-lbs. \ 

\33,ooo X time in min./ 

will be , E 2 

n. p. = . 

R X 747 
The ratio ' ^1 is the measure of the efficiency 

of dynamo-electric machines. In the case of Gramme's 
machine, under the best conditions we have 
H.P. = h.p. X 1-39. 
AA 
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The horse-power absorbed in the arc itself is 

h. p. X -. 

The ratio of this latter value to h. p., or 

r h. p. X r X 747 

R E^ 

is the measure of the efficiency of the electrical circuit 
in the production of the greatest quantity of light 
with a given quantity of electrical energy. 

In the experiments with the Gramme machine 
made by the Committee of the Franklin Institute, the 
light, in standard sperm candles, produced by the 
voltaic arc was 

A = h. p. X — X 1,044 (candles) . . . (i) 

R 

when the intensity of the light was approximately 
equal in every direction. But, when the carbons ar^ 
so adjusted as to give the best effects with the photo- 
meter in a given position, we may multiply the former 
value by 2*87, and we have 

A = h. p. X - X 2,996 (candles) ...(11) 

R 

Expressing these equations in a different form, we 
have 

X = l2 r X I -4 . . . . (I a) 
A = l2 r X 4 . . . . (l I ^) 

It should be remembered that these values are 
obtainable only under the most carefully arranged 
conditions. 

Although the light cannot be subdivided without 
very considerable loss, it is not to be admitted that, 
if a given total quantity of light be produced with 
one hundred lamps, it is one hundred times as expen- 
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sive as if it were produced by one lamp. If we use 
two lamps instead of one, and put them in series, the 
original arc resistance, /, is not necessarily doubled ; 
indeed it may be preserved constant, in which case 

we should have — for each light, and the original 

value, C^ /, for the two. And if we place four lamps 
in parallel circuit, the total resistance may be reduced 
nearly fourfold, so that we may obtain twice the 
original current with half the electro-motive force in 
action. Thus 






E^ 
C^ /, or -^ / becomes 



4 /2 ^ 

The theoretical value for each light being 

and that from the four c^ /. The loss, when the light 
is subdivided, is doubtless due to an increase in the 
quantity of heat which must be expended before any 
luminous effect is produced. 

Eqtcational numbers required in reducing results. — 
The particulars given herewith will be found of value 
in any experiments upon dynamo-electric machines, 
circuits, or lamps. 

One horse-power is equal to 1,980,000 foot-lbs. per 
hour, or 33,000 per minute ; that is 33,000 lbs. weight 
falling one foot in a minute, or i lb. weight falling 
33,000 feet per minute. 

I horse-power is maintained in modern steam- 
engines with i\ lbs. of coal per hour. 
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I heat unit = 772 foot-lbs. 

Therefore i horse-power = 2,565 units of heat per 
hour, and ^^ = 6| units of heat per candle of light. 

I standard candle (of sperm) burns 120 grains per 
hour, and equals J cubic foot of gas per hour. 

I lb. gas coal produces 4 cubic feet of gas, 0*85 lb. 
of gas coke, and 0-05 lb. of tar. In a pound of gas 
coal there are 15,000 units of heat, in the coke 13,000, 
in the gas tar 20,000 units of heat. 

The power expended by a dynamo-electric machine 
producing current for the light of a standard candle 
is about 90 lbs. falling through one foot in a minute. 

I calorie (kilogramme of water heated 1° Centi- 
grade) is equal to 424 kilogramm^tres, which equals 
3-9683 units (Fahrenheit). 

I kilogramm^tre equals 7*2331 foot. -lbs. 

The electrical units employed at present may, for 
practical purposes, be taken as follows : — 

The Volt is the unit of electro-motive force, and is 
nearly equal to the electro-motive force of a Daniell 
element, the latter being about 1-079 '^olts. 

The Ohm is the unit of resistance, and equal to 
485 metres of pure copper wire one millimetre in 
diameter at a temperature of 32° F. 

The Ampere is the unit of current, and is the 
current that would be produced by an electro-motive 
force of one volt, acting through a resistance of one ohm. 

Ohm's Law of the Circuit, — ^The famous law dis- 
covered by Dr. G. S. Ohm expresses very clearly and 
simply the relation of the three units, volt, ohm, and 
ampere, to each other. It shows that the current is 
directly proportional to the electro-motive force exerted in^ 
and inversely proportional to the resistance of the circuity 
or, as it is usually put, in the form of an equation : — 
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Electromotive force (volts) r^ ^ , . . 

— — ,_ -^ — ^ i = Current (amperes). 

Resistance (ohms) ^ ^ ' 

These numbers are generally expressed in symbols, 

using £ for electromotive force, R for resistance, and 

C for current. 

The law is also written 

or 

E = C X R. 

The word " Pressure " is now coming into general 
use by practical men in lieu of electromotive force or 
potential. It is not strictly correct, and may lead to 
false views of what is going on in the circuit. 

Conductivity is the inverse of resistance. Different 
substances show different conductivities. Thus, 
taking silver as possessing a conductivity of 100, 
copper shows 96, while iron only gives 16. 

The resistance of a conductor varies directly as its 
length. Its resistance varies inversely as the area of 
its cross section. 

The Board of Trade Unit. — ^Under the provisions oi 
the Electric Lighting Act, the Board of Trade has 
issued certain regulations, in which the electrical 
unit authorised in the transactions between electric 
light companies and consumers is defined as one 
thousand watts^ maintained for one hour, termed a 
Kilowatt-hour. Such a current would maintain an 
ordinary 50-volt lamp alight for twenty hours. The 
cost of such a current in England varies to the con- 
sumer from IS. down to 7d. The cost at the generat- 
ing station is said to be as low as 3|d. 
* « Watt," p. 5. 



CHAPTER XIII. 

PRESENT APPLICATION AND COST OF THE 
ELECTRIC LIGHT 

So extensive has been the introduction of electric 
light, that to enumerate the installations and dwell 
upon them in detail would in itself almost fully 
occupy the pages of this little treatise. One or two 
of the more noteworthy instances can only, there- 
fore, be briefly glanced at. 

Lighting by Incandescence. 

Dwelling-houses, — Since incandescent lamps have 
come into use, no particular distinction between the 
disposition of the lights and gas-burners can be 
drawn. For decorative or artistic purposes, however, 
the incandescent system places at the disposal of the 
artist a wonderful source of striking effect. The 
glow lamp may be placed in situations and positions 
impossible with gas. It may be connected to a long, 
flexible conductor and carried about a room, &c. 

Shops and Warehouses, — The general lighting of 
shops and warehouses is still largely carried out upon 
the arc system. This is, no doubt, due to the greater 
cheapness of the arc light as compared with glow- 
lamps. But for window decoration the glow-lamp is 
coming into extensive use. It presents the great 
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advantage of being semi-portable, and it may be 
placed in positions and among goods where gas or 
oil lights would be dangerous. But it must not be 
supposed that a glow-lamp is perfectly safe if placed 
in contact with inflammable goods. Experiments 
have proved that it may be possible to char or ignite 
dry materials when in contact with a glow-lamp in 
full light. Of late the two systems of arc and incan- 
descence have been used in combination in warehouses 
with satisfactory results. 

Theatres. — It is now well known that theatre light- 
ing is much less costly, when the insurance charges 
are considered, in the case of electricity than in that 
of gas. The greater safety, the diminution of heat, 
the purer atmosphere, and illumination, all tend to 
the rapid introduction of the incandescent system. 
It is used both before and behind the curtain, and in 
some cases even in the decoration of the actresses. 
The disposition and arrangement of the glow-lamps 
is now so generally well known that it will be un- 
necessary to enter into particulars here. The Savoy 
Theatre, London, owing to the enterprise of Mr. 
D'Oyly Carte, was the first of its kind to be entirely 
lighted by incandescent lamps in this country. It 
was lighted for the first time by electricity on the 
evening of the loth October, 1881. Messrs. Siemens 
Brothers were the engineers. The stage is lighted 
by 715 clear glass lamps, and may be lighted at 
will by coloured lamps instead, blue being the tint 
used for night scenes. The change is made by the 
movement of a switch. The brilliancy of either set 
of lamps may be regulated at will by inserting, or 
withdrawing from, the shunt circuit feeding the Held 
raagnet of the dynamo, certain resistances. This 
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arrangement is also under the control of the stage 
manager, and from the switch-box at the corner of 
the stage any change may be made. The lamps are 
carried upon battens of incombustible material, and are 
movable at will to answer any change of the scenery. 
The building before the curtain is lighted by 150 
glow lamps, arranged in groups of three, each lamp 
being enclosed in a ground-glass globe. The re- 
freshment-rooms, offices, and corridors are lighted by 
165 lamps ; the dressing-rooms behind the stage by 
148. The lamps are placed in the usual multiple arc 
or parallel system upon three independent circuits, 
maintained by three Siemens dynamos, each yielding 
400 amperes at 93 volts. For several years these 
were driven by two Marshall portable engines of 
20 horse-power, and one Roby engine of similar 
power. About 150 horse-power is usually required 
to illuminate fully the whole of the lamps. This 
installation, which is now combined with the larger 
one supplying the Savoy Hotel, has continued to 
work without serious hitch from the commencement. 
Its success has doubtless led to the present extensive 
introduction of the incandescent system into the 
London theatres, numerous examples of electric 
lighting in which, supplied from central stations and 
from private machines, are now to be found. 

Incandescent Lighting of Large Spaces, — ^There is 
every prospect of an extensive introduction of glow- 
lamps of high candle-power for out-of-door works of 
magnitude, and for large spaces generally. Since 
the perfecting of lamps of 1,000 and 1,500 candle- 
power, they have been taken up in preference to the 
arc or the " lucigen " oil light. Such lamps are fre- 
quently run in series. They present the great advan- 
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tages of diffusing the light and of requiring no 
attention. 

Incandescent Lighting of Railway Trains, — Ever 
since the incandescent lamp became sufficiently per- 
fect for general purposes, great expectations have 
been entertained by the travelling public that at last 
the question of effectively lighting railway carriages 
would be solved. But it is not a little curious that it 
cannot yet be said that railway companies have 
interested themselves sufficiently to make use of so 
perfect a source of light as the electric current. The 
London and Brighton Company have from the first 
occupied a foremost place in the electric lighting of 
their trains. They were the first in this country to 
use the new secondary batteries for that purpose, and 
for years ran particular trains so fitted, removing the 
accumulators and recharging as required. It may, 
indeed, be said that this company have never ceased 
to experiment on the subject, and that they are now 
further advanced in electric lighting than any other 
company in this country. They have at the present 
time nearly twenty trains lighted in this way, having 
surmounted the difficulties experienced by other com- 
panies. 

At the recent meeting of the International Railway 
Congress, a comprehensive report on the subject was 
presented by the management of the Belgian State 
lines. The different sources of electricity tried were : 
(i) Primary batteries; (2) accumulators, placed (a) in 
the van or baggage car; {b) in each car, so as to 
render the lighting independent ; (3) a dynamo con- 
nected to one of the axles, with accumulators to keep 
up the lighting when the train is at rest; (4) a 
dynamo operated by a special motor, placed on the 
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loeomotive or baggage car, and supplied by steam 
from the engine or separate boiler. 

Some of the difficulties to be surmounted are : — 
if the supply be from a single source for the whole 
train, dividing the train cuts off the cars from the 
light. Apart from the separating of trains there is 
the difficulty, if the current comes from a dynamo 
run from the axles, that the light ceases when the 
train stops. Extensive experience has proved that 
the best system yet known is the use of a small 
dynamo in the van, driven by special gear from the 
axle, and in connection with this a sufficient number 
of accumulators to light the train when the dynamo 
is stopped. Special arrangements are made that the 
dynamo is not driven the reverse way when the train 
happens to be backed, and several sets of gearing are 
in use that ensure the moving of the dynamo in a 
uniform direction independent of the direction the 
train is travelling. Again, arrangements must be 
provided for preventing the accumulators from disr- 
charging themselves back through the dynamo when 
the latter is stopped ; and it is further necessary to 
compensate for the different speeds at which the 
dynamo runs, so that its E. M. F. may suit the 
number of cells in use. 

The accumulators are placed usually in one battery, 
under or in the van, in the case of a train that runs 
regularly without being broken up. If the train is 
liable to disjunction, each carriage has a few cells to 
itself, which will maintain the light for several hours, 
apart from the assistance of the dynamo. In this 
way the London and Brighton, and the Great 
Northern, and Midland Railways have several trains 
constantly lighted by the electric light. The lamps 



are generally 8 or lo candle-power Swan lamps, twa 
being usually employed in the roof of each compart- 
ment. In some of the Midland express trains four 
such lamps, placed at opposite corners of the com- 
partment, behind the travellers, are employed, situated 
behind ground-glass lenses. 

An ingenious application of the electric light for 
tunnels is made use of at Glasgow, where the day 
trains are lighted while passing through the tunnel 
by a current taken by brushes from a central fixed 
rail between the regular rails. This electric rail is 
insulated and connected to one pole of a dynamo.. 
The other pole of the dynamo goes to earth. The 
return current from the train passes to the rails,, 
through the wheels, and so to earth. 

Railway managers urge the cost of the electric 
light as precluding its use in ordinary trains. It is 
said to be twice as expensive as oil or gas. But it is 
sufiiciently evident that as soon as a perfectly work- 
able system is established, its universal use in railway 
carriages is only a question of time. 

Interior Illumination of Large Buildings by Arc 
Light, — Such places as halls, workshops, and picture- 
galleries are most effectually illuminated by arc lights 
from above. There are various methods of accom- 
plishing this object and of diffusing the light. Per- 
haps the best is that of sending the full rays through 
a large sheet of frosted glass. 

This should be set in the centre of the ceiling, if 
convenient at the same height as the ceiling. Its 
size will depend upon the size of the building. For a 
medium-sized lecture hall, a glass surface 6 feet square 
will be found sufficient. Directly above this frosted 
glass surface is to be placed the electric light. The^ 
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lamp should be hung by a cord and counterpoise. 
According to the form of lamp used, it may be 
necessary to reflect the light downwards from it by 
means of wooden covers, about 6 feet square, covered 
with sheets of tin plate. Two of these will be found 
sufl&cient. They should be set at an angle, rising 
from the edges of the frosted glass until quite over 
the lamp. Any rays then thrown upwards will be 
reflected upon the frosted glass. 

Light sent over a building in this way is beautifully 
diffused, and is very soft and agreeable. It will be 
necessary to have free access to the lamps from above. 
In some cases it will be found very advantageous to 
enclose the lamp in a ground-glass case, and to sus- 
pend this near to a white ceiling. But a better plan 
still is to have a pyramidal case of ground-glass made, 
to fasten the base of this to the ceiling, and to lower the 
lamp into it from above. The result is perfect diffu- 
sion of the light, which must of course be reflected 
downwards into the glass case by reflecting boards or 
a whitened ceiling. 

Workshops are frequently illuminated in France 
by setting the lamp over a reflector on the floor, 
screened by some cover, and projecting the rays 
from the reflector upon the whitewashed ceiling. 
This is what is usually done, and is found to answer 
the purpose very well. A great objection to the 
Serrin and such lamps is the base containing the 
movement, which, when the lamp is suspended, 
throws downwards a great deal of shadow ; but 
this is entirely prevented by the use of slanting re- 
flectors. 

In the extensive chocolate works of M. Menier the 
Serrin lamps are in use, and the proprietor has 
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devised a means of access to the suspended lamps 
without the use of ladders or a separate suspension 
cord. A windlass is used, having a dry wooden drum 
with cast-iron cheeks. A cable with two insulated 
and stout wires is made fast to the drum, and the 
ends of it to the cheeks ; this cable leads upwards to 
the roof, over a pulley, and on the other side hangs 
the lamp. It can thus be lowered by the windlass 
with ease without in any way disturbing the connec- 
tions. The cheeks of the winding drum are, of course, 
connected to the terminals of the dynamo-electric 
machine through the separated bearings. 

Electric arc lights are in extensive use in all out- 
of-door works of magnitude, such as bridge and dock 
construction, and it is found, as was proved in the 
case of the great Tay bridge, that operations may be 
carried on at night with the greatest facility. For such 
purposes, the light should be so arranged that a power 
of about 2,000 candles is thrown around every 600 
feet of space — that is, an ordinary 2,000 electric light, 
placed upon a 20-feet standard, should give sufficient 
illumination at a radius of 300 feet. In some cases 
the standard is thus inadmissible, and the light may 
have to be thrown upon the work from a parabolic 
reflector. All such lights should be enclosed simply 
in a clear glass case to screen them from the wind. 

The use of ground-glass cases for these purposes, 
and above all opalescent glass of any density, should . 
be avoided as much as possible. A great deal of 
light is thus lost in the Jablochkoff system. It has 
been found from experiment that 

Plain glass absorbs about . . . . 10 per cent. 

Ground or frosted 3^ >> 

Thin opalescent 45 »♦ 

Thick ditto ... ... 60 „ 
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When the light is any considerable distance from 
the machine, the cables carrying the current should 
be thick and of good copper, and every means thus 
used to reduce the resistance of the conductor outside 
the machine, more especially when a lamp with 
long carbons, and consequently much resistance, is 
employed. 

The use of the electric light in our lighthouses is a 
matter of great importance, but not of special interest 
to the general public, so that, with the exception of 
what has been said in connection with the experi- 
ments on dynamo -electric machines, it need not 
further occupy space. 

For use aboard ship, and for war vessels especially, 
a very useful apparatus is manufactured by Messrs. 
Sautter and Lemonnier. It is a lenticular projector, 
with a Fresnel lens, composed of three dioptric and 
six catadioptric lenses. The Serrin lamp is placed 
behind the system, which is mounted on an iron 
stage, movable around its vertical axis, and turning 
upon its horizontal axis, so that the light has great 
range, and may be concentrated upon one point any- 
where around the vessel. The whole is enclosed in a 
cylinder, opaque behind ; and a small camera lucida 
is so placed in it as to throw the image of the carbon 
points upon a ground-glass screen, so that their con- 
dition may be noted without opening the cylinder. 
The three -cylinder Brotherhood direct engine is 
usually employed to drive the machine in conjunction 
with such apparatus. Of the many excellent engines, 
combined with dynamos in use aboard ship, mention 
should especially be made of Messrs. Clark, Chap- 
man & Parsons' combination, called a Turbo-electric 
generator, consisting of a steam turbine and dynamo 
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connected direct, and particularly well suited for use 
aboard ship. 



Cost of Electric Light 

In entering upon a consideration of this aspect of 
the question the greatest care is necessary in order 
that the data may be of a thoroughly trustworthy 
character. The subject divides itself into two great 
branches — the cost of lighting by incandescence and 
by arc lamps. 

Cost of Lighting by Incandescence. — As in the pro- 
duction of most other commodities, the scale upon 
which electricity is generated bears very strongly 
upon the cost to the consumer. 

Locality, price of coal, distance of consumers from 
generating station, and lastly, the system employed, 
will each and all influence the cost of the current. 

The Board of Trade unit, consisting of a kilowatt- 
hour (a thousand watts for one hour), is the recognised 
standard of calculation. Extensive experience of the 
high tension transformer and other systems in Eng- 
land has shown that the kilowatt-hour can be sold at a 
fair profit at from yd. to gd. For some time to come it 
will probably average at 8d. It is estimated that the 
actual cost of electricity from a station capable of 
maintaining 20,000 lights should be as low as 3d. per 
unit, or equivalent to gas at is. 8d. per 1,000 cubic 
feet. The price to consumers at 8d. would be equal 
to gas at 4s. yd. per 1,000 cubic feet. It is probable 
that a dividend of 10 per cent, could easily be paid 
by such a supposed station, serving customers at 
within a radius of two miles. These figures are now 
realised at several stations in London. Consumers 



308 ELECTRIC LIGHT. 

are charged by meter. An average glow-lamp takes 
from 2i to si watts. 

Two notable instances of central-station distribu- 
tion on the Continent pay a good dividend at the 
following prices for i6-candle lamps : 0*48 of a penny 
per hour and 0*4 of a penny per hour. The former 
price prevails in Berlin, the latter in Milan. In 
Berlin the charge per lamp for installation is 6s., in 
Milan it is 28s. The charge for hiring meters is 
rather high, being i6s. per annum in Berlin, and 
4s. lod. in Milan. 

Thus, it will be observed that the question as to 
the relative price of gas and electricity will vary 
greatly in different places. In Berlin, where gas is 
4S. 9d. per 1,000 cubic feet, the electric light will be 
a trifle dearer. In Milan it is 5s. 8|d., so that the 
electric light is the cheaper there. In London the 
electric light at the figure given is slightly dearer 
than gas. In the country, where gas is frequently 
sold at 2S. 6d. per 1,000 feet, the electric light would 
be very much the dearer. But, as a matter of course, 
when gas is cheap, power can be produced at a reduc- 
tion upon the calculation; and the cost per unit at 
the generating station, instead of being 3d. (the cost 
in London), would probably be 50 per cent, less, so 
that electricity may be expected to compete effectively 
with gas, especially since glow-lamps have so much 
to recommend them over gas flames. 

Cosl at the Athenceum Club, — 378 glow-lamps. Dy- 
namo is worked by a gas engine. Cost for the year 
iS87> ;£959 IS. 9d. The average cost of inferior 
lighting by gas and oil previously used was ;^840. 
The gas consumed by the engine cost ;^ 446 7s. lod. 

Cheapness of the Arc Light. — ^The very high candle- 
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power of the electric arc per horse-power places it, 
in respect of cost, in a position far below the average 
price of gas. The incandescent system is much more 
expensive. 

Cost of the Incandescent and Arc Lighting at South 
Kensington Museum. — General Festing's report to the 
Science and Art Department upon the cost of the 
mixed system in vogue at the Museum shows that 
the working expenses amounted to ;^ 1,224. K the 
same portions had been lighted by gas, the cost 
would have been ;^ 2,845. There was thus, concludes 
the report, a saving of ;^ 1,621, which is 50 per cent, 
on the cost of machinery and apparatus. 860 i6-candle 
glow-lamps are used here. 

Street Arc Lighting. — ^The quotations for street 
lighting by different companies are found to vary 
considerably. In one instance, the average of several 
tenders, for lamps of 1,200 candle-power, burning six 
hours nightly, was ;^ 17 7s. 6d. per annum. (Lighting 
of Taunton.) 

Mr. A. Siemens, in his paper read before the 
Society of Telegraph Engineers, March, 1880, gives 
the following particulars as regards comparative cost 
of electric light and gas. In making the comparison 
it is assumed that a loo-candle Sugg gas-burner will 
consume 23 cubic feet of gas per hour, costing 3s. 6d. 
per 1,000 cubic feet; further, that a 400-candle alter- 
nate-current light requires \ horse-power, and that it 
consumes 3 inches of carbon per hour, costing 4id. 
per foot ; and that a 6,000-candle continuous-current 
light requires 4 horse-power, consuming 3 inches of 
carbon per hour, costing 8d. per foot. When the 
electrical machines are driven by a gas-engine con- 
suming 26 cubic feet of gas per hour per horse-power, 

BB 
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the relative cost of maintaining a light of 6,000 candle- 
power is as follows : — 

For gas . . 4s. lod. 

For alternate-current electric lights (fifteen 400- 
candle lights) : — 





s. d. 


200 cubic feet of gas for the motor 


. 8J 


3 feet 9 inches of carbon, at 4jd. per foot 


. I 4i 


Attendance 


6 



2 7 



Showing a saving of 47 per cent, over gas. 
For continuous-current light : — 

114 cubic feet of gas for the motor 
3 inches of carbon, at 8d. per foot 
Attendance 



s. 




d. 

4i 





2 





li 



o 8 



Showing a saving of 87 per cent, over gas. 

At the Albert Hall a saving in gas is effected of 
25,000 cubic feet per night, or £4, 7s. 6d., while the 
five electric lights cost £1 los. 6d. for fuel, atten- 
dance, and carbons. In this case a considerable ex- 
pense is incurred with the pumping engine which is 
used for driving the machinery, and which consumes 
a very large quantity of fuel. Nevertheless a saving 
of 66 per cent, is effected. 

At the British Museum the electric light was used 
for 360J hours between 28th Oct., 1879, ^^^ ^^^ ^^^ 
of February, 1880. Two 8 horse-power engines are 
used. There are four lights in the Reading-room, of 
4,000 candle-power each, and in the halls seven of 400 
candles each. There are four continuous -current 
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tnichines for the Reading-room lamps, one to each 
lamp, in separate circuits. One alternate-current 
machine works the other seven lights. Another 
machine of continuous-current type excites the elec- 
tro-magnets of all the other five. The machines are 
tried in the morning, and then the fires of the engines 
are banked up so as to be ready at ten minutes' 
notice. 

The cost for 360 hours is as follows : — 



Carbons .... 

23 tons of coal, at 153. 

18 gallons of oil, at 4s. 6d. . 

54 lbs. of waste, at 6d. 

2 sets of brushes, at 5s. 

I set of commutator plates . 

Engine-driver, 18 weeks at 37s. 

Total cost 



This gives us cost per hour : — 



£ 


s. 


d. 


50 


15 


10 


17 


5 





4 


I 





I 


7 








10 








17 


6 


33 


6 






£ioi 



For carbons 
Other charges 



s. d. 

2 9 

3 3 
6 o 



This is a cost of not more than 6s. an hour for a light 
of 18,800 candles; which amount of light produced 
by gas would cost at least 15s. per hour, the saving 
effected being 60 per cent. 

The following facts as to the lighting of the Thames 
Embankment will be of interest. The first experi- 
ment, with 20 lights, was commenced on the 13th of 
December, 1878; the second, with 40, on the i6th of 
May, 1879; the third, with 55 lights, on the loth of 
October, 1879. The length of the circuit on the west 



372 



ELECTRIC LIGHT. 



side of Waterloo Bridge was 6,007 ft« J of that on the 
east side, 6,062 ft. The total length of conducting 
wire was 17 miles 361 yards. The ten new lights on 
Waterloo Bridge were worked by a 20-light Gramme 
machine in two circuits. 



CHAPTER XIV. 

NOTES ON SHIP LIGHTING. 

Incandescent electric lighting has proved itself 
superior to every other tried means of illuminating 
ships. Not only have passenger steamers adopted 
the light, but the owners and crews of trading vessels 
of all kinds have found it the most acceptable of all 
the modern improvements lately introduced in the 
fittings of a ship. 

Source of Electricity Used. — ^As in the case of instal- 
lations ashore, the motive power of the steam-engine 
has been found the most suitable source of electric 
energy at sea. It may be supposed that in cases 
when the light is installed aboard steamers, having 
unlimited power to spare from the propelling engines, 
this source of motion might be utilised for the driving 
of a dynamo to supply the necessary current. But 
there is scarcely an electrically lighted steamer afloat 
where this is done. Although it was tried in the early 
history of ship lighting, it was speedily found that 
ship-propelling engines are subject to fluctuations of 
speed more marked than in any other application 
of steam power. In rough weather the screw engines 
may be observed to run at every degree of velocity, 
from zero to maximum, within a few minutes of time. 
When the propeller is buried deep in a cross sea the 
speed of the engine is very slow. When the propeller 
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is raised almost clear of the water, as it frequently is 
in a rough sea, and the vessel is pitching, the engine 
speed is usually so high that it is known as " racing/* 
In fact, in a heavy sea the engineers are careful to 
obviate the evil effects of racing (which if unchecked 
will violently shake the ship from stem to stem) by a 
system of steam "throttling." 

These observations will serve to show that a dynamo 
driven from the main engine would not yield a cur- 
rent suitable for incandescent lamps, when we reflect 
that a drop of five per cent, in the speed will cause 
the lamps to appear decidedly dim, and a rise of five 
per cent, to cause them to burn with undue bright- 
ness. 

The accumulator is an admirable regulator when 
the speed of the dynamo is liable to vary somewhat, 
but the excessive variation in the velocity of ship's 
propelling engines has been found to be all too great 
for this purpose. Accumulators have, however, been 
kept charged by dynamos driven from main engines, 
but this cannot be depended upon in rough weather. 
It is in the nature of an accumulator that it will send 
a counter (or back rush) current through the dynamo 
if the latter happen to fall oflF in E. M. F. by a dimi- 
nution of speed. This involves the use of complex 
automatic or hand regulators, the former of which 
cannot always be relied upon. 

Small high-speed separate engines are therefore 
generally employed for moving the dynamos. These 
engines may be regarded as a class by themselves. 
They are usually bolted to the foundation -plate of the 
dynamo, and the engine and dynamo shafts being 
coupled together form a common axis. This ar- 
rangement is very compact. Steam is taken from 



liHll' l^lUHiJJNCi. 375 

the main boilers, where a constant pressure is main- 
tained. 

The dynamo most suitable for ship lighting, when 
an ordinary engine as above is employed, is a slow- 
speed compound wound machine, working at an elec- 
tro-motive force of about 60 volts. When the shunt 
and series windings of the machine are properly pro- 
portioned such a dynamo may be regarded as self- 
regulating, e,g,^ its output is in proportion to the 
number of lamps burning. This class of machine is 
now known as a constant-potential dynamo. The 
shunt coils should be sufficient to excite the machine 
when the lamp circuit is open. The series coils are 
short and thick, and are intended merely to maintain 
the potentialy which is apt to fall as more and more 
lamps are switched into circuit, and as the current 
increases. Such a dynamo to be effective must have 
wrought-iron electromagnets, and be otherwise care- 
fully designed. It is a very great convenience aboard 
ship. 

Accumulators Aboard Ship. — A considerable pro- 
portion of the vessels fitted with the electric light 
carry accumulators. The storage battery is useful for 
maintaining the '* all-night " lights, the masthead 
and side lights, c&'c., when the dynamo is not running ; 
it is also an efficient regulator. Large batteries of 
accumulators are not, for several reasons, adapted for 
ship work. The maximum number should not gene- 
rally exceed twenty-six cells (sufficient to run 50 volt 
lamps). Ship accumulators are generally fitted in teak 
wood cases. These are made of extra depth, to ob- 
viate splashing over of the electrolyte, and generally 
call for more careful attention than cells kept in a 
horizontal position. 



Ship Wiring. 

The leading peculiarity of ship circuits lies in the 
fact that in most instances the iron body of the vessel 
is utilised as a return, and that only one wire is em- 
ployed to feed the lamps. 

A good deal of objection has been urged, and not 
without reason, against this practice. It involves 
extra insulation of the leading wires, for by dispens- 
ing with the return wire the insulation resistance 
is practically halved, and there is constant danger of 
short circuits, unless the work be carried out in the 
most approved manner. Apart from the risks of short 
circuits and leakage, we have to consider the inductive 
influence the currents in the main leads are apt to have 
over the compasses carried by the vessel. 

Sir William Thomson* has drawn attention to this 
subject, and cites various examples of disturbance 
of compasses by the electric lighting current. He 
further advocates the employment of the two-wire 
system, as used in buildings, with the conductors 
as near together as practicable. It may be pointed 
out, however, that if an alternating current be used 
instead of a constant current, there will not be any 
inductive influence upon the compasses, whether one 
or two wires be employed. But it has been shown by 
Mr. Siemens that in the cases where the compasses 
have been influenced, the conductors were run singly 
near to them, and without regard to induction. In 
cases where the leading cable is situated at a consi- 
derable distance from the compass, or is screened 
by the iron deck, no appreciable disturbance of the 
compasses is observed. 

* Paper read before Institute of Electrical Engineers, May, 1889. 
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Test for Compass Disturbance. — Sir William Thom- 
son has pointed out that the question whether the 
lighting current has any efifect upon the compass may 
be settled before the ship leaves dock by merely put- 
ting on and off the light and observing the needle. 
A test is also taken after the compass has been arti- 
ficially deflected (by means of a small permanent mag- 
net hung near) to the extent of 45° from the normal.* 

When the wiring of a ship for incandescent lamps 
is to be carried out upon the single wire system, the 
insulation resistance of the wires to be selected must 
be very high. In other words, the conductors must 
throughout be insulated with vulcanised india-rubber, 
and thoroughly protected from mechanical injury. 
The insulation must be twice as effective as that 
usually employed, and it must withstand continuous 
immersion in sea water. Joints must be efficient 
both with regard to conduction and insulation — in 
fact, the insulation joint must be in every way as good 
as the unbroken covering of the cable. 

Cables are generally run as far exposed to view as 
practicable. It is always objectionable to conceal 
cables carrying currents of considerable strength. 
When run along the ship's shell, or under an iron 
deck, the wires are fastened with wooden cleats. A 
strip of varnished wood, or wood otherwise prepared 
against the absorption of moisture, is bolted to the 
ironwork in the course of the cable ; the cleats are 
screwed to this. In every case the cable should be 
kept several inches from the ironwork, and must be 
so securely cleated down that an accidental contact 
would be impossible. A very general arrangement 

♦ See The Nautical Magazine for December, 1885, and Journal of the 
Society of Arts ^ Feb. 5, 1886. 
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of the circuits in a passenger ship is to arrange for 
three separate branches, taken from the main switch- 
board in the engine-room. Two of these are run 
along the ship's sides, and the third takes a midway 
course. 

Branch Wiring necessitates the greatest care, first,. 
in making the conductive joint, then the insulation 
joint, and inserting the safety fuse. A fuse must be 
inserted at the root of every branch. These junctions,, 
after completion, should be covered by small cast-iron 
boxes, with an opening suflScient to admit of the 
replacement of the fuse. "Return" wiring is dis- 
pensed with, but there must of necessity be a certain 
amount of short branch wiring before contact can be 
made to the body of the ship. These return wires 
may be of naked copper, and twisted together, from a 
group of lamps, afterwards making general contact to 
the ironwork. Stout studs for making contact are 
employed. They are secured to the ironwork, and 
are provided with connectors. 

The negative pole of the dynamo, or accumulator, 
is put into metallic contact with the ironwork of the 
ship. A good connection must be insured. The 
piercing of bulkheads for the passage of cables requires 
some consideration. If cables can be taken to deck 
and down the other side, it will prove better than 
piercing a bulkhead. If a partition must be passed 
through it should be done as high up as possible. The 
channel for the cable must be lined with a porcelain 
or vulcanised rubber tube, and a watertight joint 
should be made by packing with asbestos and insulat- 
ing compound applied hot. 

Lamps. — 50-volt lo-candle power lamps, taking 
about 30 watts each, are generally employed on board 
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ship. It is not advisable to use a potential of lOo volts 
on the single-wire system. Lamps of the same vol- 
tage, but of greater candle power, are used when a 
stronger light is required. In the work of night load- 
ing an arc lamp is useful. The voltage of the dynamo 
being over 50, an arc lamp is commonly put across 
the leads in the same way (in parallel) as an incan - 
descent lamp. Such a lamp may require a current of 
from 6 to 10 amperes. An impedance cotly frequently 
consisting of a simple copper resistance wire of about 
an ohm, is generally put in circuit with the lamp. 
The use of impedance coils on parallel systems is 
becoming general. It secures remarkable steadiness 
in the burning of the lamp. Of late an attempt has 
been made to obviate the waste that is incurred by 
the employment of a simple resistance. If a coil of 
this kind is made to encircle a core of soft iron the 
magnetic induction of the latter acts as an impedi- 
ment (or damming back) to the current, without the 
waste incurred by a simple resistance. Such im- 
proved impedance coils are made much shorter and 
of less specific resistance than the older choking coils. 
Mr. Brockie believes that a properly constructed im- 
pedance coil can be shown to have but one-twentieth 
the resistance of a simple resistance coil exhibiting 
the same damming-back effect. 

Area of the Cables. — When the electro-motive force 
is as low as 55 or 60 volts, the cables and branch 
wires must be of considerable effective sectional area. 
Most of the successful installations of the light aboard 
ship have been carried out on the basis of Sir William 
Thomson's suggestion to employ wires having a 
sectional area of one square inch for each 1,000 amperes 
of current carried. This is nearly one square milli- 
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metre for each ampfere and a half of current. Accord- 
ing to this rule the following numbers of lamps, each 
taking from 50 to 60 volts and from 1*5 to i ampere, 
may be safely run upon the wires : — No. 10 standard 
gauge wire, 10 lamps; No. 8 gauge, 15 lamps; No. 6 
gauge (or which is more common, 7 No. 15 wires 
stranded in a cable), 20 lamps; 19 No. 16 wires 
stranded, 30 lamps; 19 No. 15 wires stranded, 50 
lamps. The branching wires may be as fine as the 
following ; — i lamp. No. 18 ; 2 lamps. No. 16 ; 4 lamps, 
No. 14. 

If the dynamo is situated amidships the cables will 
run fore and aft. A point should be found which is 
midway of the consumption of current; e,g,y if there are 
100 lamps upon either half of the cables run the 
central portion is the ** feeding point." This means 
that after the cables are fitted, feeders, consisting of 
thick cables, should be run from the dynamo to the 
centre of the points of greatest consumption to equalise 
the pressure. It is rarely that the end of a cable can 
be attached to the dynamo. 



CHAPTER XV. 

ELECTRIC LIGHT WIRING TESTS. 

During the work of wiring buildings or ships for the 
electric light certain precautions must be taken to 
insure against the risk of fire, extinction of the light, 
and loss of power. This work is known as testing. 
It commences with certain tests of the conductivity 
and insulation resistance of the leading cables. While 
these are being laid the circuits are again tested for 
continuity. Their resistances should again be taken, 
and the results compared with the calculated figures. 
The taking of insulation tests cannot be too strongly 
insisted upon. There are two factors with which the 
electrical wireman must be familiar. These are the 
conductivity of his circuits and the resistance of their 
insulation. 

It may be pointed out that, although a great deal 
of wiring has been carried out with no other test than 
that for continuity of conductor, such work cannot be 
reliable. The only thing that is known for certain 
about it is that it will convey a current. How much 
energy is lost in leakage, what incipient faults there 
may be, or what risks of overheating and fire are all 
unknown quantities. 

In addition to the main tests certain minor tests for 
short circuits, or leakage from one wire to another, 
are becoming common. 
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Nature of Insulated Wire. — All the first-class makers 
of electrical wires can supply copper conductors 
having a conductivity as high as 98 per cenf. of pure 
copper. This is the quality of wire that should be 
employed in house wiring. The insulation consists 
of various materials. In fact, the words insulated wire 
have far too wide a significance. A wire merely covered 
with a wrapping of cotton thread is not necessarily 
insulated. The best reliable class of ^* insulation " 
consists of a heavy cotton covering, either single or 
double. It is considerably improved by being soaked 
afterwards in an insulating or rubber varnish. But 
such covering is only at most suited for conveying a 
small current under a low electro-motive force (25 volts 
and I ampere). 

A better class of covering is effected by wrapping 
over the cotton a tape, treated with rubber varnish. 
These low quality wires are of naked copper only. 

Superior insulation consists, first, of tinned copper 
conductor, single or double cotton covered, then a 
lapping of pure india-rubber, followed by braided 
cotton or tarred flax, and frequently a further mecha- 
nical protection of heavy tape. The india-rubber 
covering is sometimes double. This constitutes in- 
sulated wire. 

Cable insulation for indoor work frequently con- 
sists only of cotton tape, and braided tarred flax 
coated with insulating compound. The best class of 
both wires and cables are india-rubber covered, the 
india-rubber being afterwards vulcanised. The ex- 
terior covering is either cotton tape or tarred flax. 

For ship wiring, to show a high insulation resistance, 
the conductor covering must be of the best. For house 
wiring where a low tension is employed (50 volts), the 
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insulation may be lighter. Wires are tinned to obviate 
injury to the rubber and copper by contact. 

Conductor Resistance Tests. — The apparatus generally 
employed for this purpose consists of the well-known 
Wheatstone's Bridge, by means of which either con- 
ductor or insulation resistance may be determined. 
Most working electricians are familiar with the bridge 
method, and there are several patterns of bridges in 
use. The most convenient is doubtless that in which 
the "bridge" is combined with sets of resistance 
balancing coils in one portable case. Such a portable 
testing set is usually accompanied with a testing 
battery of the Leclanch^ cells of small size. Thirty 
cells are generally considered sufficient even for in- 
sulation tests. The resistance balancing coils are 
either put into and out of circuit by means of connect- 
ing plugs, or by means of a movable switch revolving 
around a centre. The latter is considered the more 
convenient form. By the courtesy of the Messrs. Grey 
we are enabled to give a diagram of the new Silverton 
Wheatstone Bridge testing set, which is specially 
adapted for electric light work. 

Fig. 149 represents diagramatically the arrangement 
known as the bridge. The theory can be fally studied 
by the aid of any good text book,* but it shortly con- 
sists in the obtaining of equilibrium by the adjust- 
ment of the resistances in A B and C D until there is 
no difference of potential between the points E and F, 
and consequently no deflection of the galvanometer 
needle when the key is closed. These conditions can 
only be obtained when the resistance in the two sides 
X B and C D A are equal, or bear certain proportions 

* See p. 142 of Prof. J. A. Flemings* ** Short Lectures to Electrical 
Artisans.'* 
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to each other. Taking the case of obtaining equili- 
briums with equal resistances : Make the resistance of 
the ratio sides A B equal by unplugging the 10, 100, 
or looo-coil in each ; it willlDe obvious that a balance 
or state of equilibrium between the points E and F 
will be obtained when C D ^ x (x being the wire under 
measurement) ; it is therefore necessary to vary C D 
until no deflection of the galvanometer needle is pro- 
duced on repeated pressing of the galvanometer key, 
when c D =: X. The testing-box must be placed on 
a level table, with the galvanometer needle pointing 
to zero. 

It will be observed that by employing equal ratio 
coils, any resistance between i and 99 ohms may be 
measured; but by a suitable arrangement of ratio 
resistances, the range can be extended from 'Oi ohm 
to 9,900 ohms, for if the 10 coil in the ratio ann. B> 
and the 100 coil in the ratio ann. A, are unplugged, a 
balance will be obtained when the resistance in C D 
is ten times that of X ; therefore C D, divided by 10^ 
will give the resistance of x. 

Fig. 150 represents the arrangements of the con- 
ductors to the testing-box for taking copper con- 
ductor resistance. C z are the battery terminals. 
The wire to be tested is inserted in the bridge 
terminals. 

Again, we may have 10 coil in B unplugged, and 
the 1000 coil in A, in which case we divide the resis- 
tance in C D (when a balance is obtained) by 100 to 
obtain the resistance of X. High resistances are 
measured in the same manner (always in ohms), but 
the resistance in ratio ann. B is made higher than that 
in A. For example, if we make B 100 and A 10, we 
multiply C D by 10 to obtain x ; and if B is 1000, we 

C C 



multiply c D by lOO. In the testing box the ratios 
are placed in front of the ebonite box, the left hand 
looo, lOO, and lo coils representing A (see diagram. 
Fig. 149), and the ri^ht hand coils representing B. 

Insulation Resistance Tests. — In measuring the 
insulation resistance of a set of circuits, the first step 
is to take a constant, which is done on the testing 
box as follows : Connect the terminals of the battery 
(use all the cells) to the plug holes marked ** Insula- 
tion," as shown in Fig. 151. Plug up the 10,000, 
^ and -^ shunt, in order to obtain a suitable deflection 
of the galvanometer needle ; call this deflection ^, 
and the shunt used S. 

In taking the test, connect the terminal marked 
'* Earth " to any convenient ground contact, such as 
a water pipe, and that marked " Insulation " to the 
conductor or circuit to be tested. The other extremity 
of this wire is supposed to be insulated. In the case 
of electric light installations, the earth is frequently 
represented by other circuits of the same system. 
In this way leakage from one circuit to another can 
be detected. Plug up the " Insulation " switch (re- 
moving the plug from 10,000), and, if required, i or ^ 
shunt, reproducing as nearly as possible the constant 
deflection 6. 

Let D be the deflection of the galvanometer, and s 
the shunt, then — 

T 1^- TD-X • I. ^XSX 10,000 / X 

Insulation Resistance m ohms = ^ (i) 

D X S ^ ^ 

If no shunt has been used in the insulation test — 

-. . . , ^ X S X 10,000 
Resistance m ohms = — 
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The multiplying power of the ^ shunt is 10, and 
that of the -^ shunt 100. 

Example. — Suppose the deflection B when taking 
the constant to be 45°, the shunt being ^, and the 
deflection D 20° with \ shunt, then according to 
equation i : 

45 X 100 X 10,000 , 

"^ ~ — = 225,000 ohms. 

20 X 10 ^ 

Another example, — The constant deflection being 
as above, let the deflection D = 5°, no shunt being 
used : 

45 X 100 X 10,000 - 1. * 

-' 1 ::::: 9,000,000 ohms or 9 meg ohms.* 

. 

When a building is wired, tests of the resistance of 
the conductors should be taken. The results should 
approximate closely to the calculated ohms of the 
difierent circuits. Tests taken with all the lamps 
switched on should approximate to the diminished 
ohms due to the added lamps. The resistances of 
lamps are rarely constant for a given candle power, 
but the equation 

_, . Ohms of a singfle lamp, cold 

Resistance = tt^ — r t\ — ^ — = — — m 

Number 01 lamps m parallel 

will facilitate calculation. Faulty connections or 
weak points in the circuit are easily detected by the 
resistance measurement test. 

It may be pointed out that the resistance of an 
incandescent lamp is diminished by heat, hence the 
working resistance is that due to the lamp when fully 
incandesced. It facilitates calculations to remember 

* Meg ohm, one million ohms. 
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that, while heat diminishes the resistance of carbon, 
it increases that of metal ; in arriving at working- 
resistances this point should not be lost sight of, 
since circuit wires, unless of large section in propor- 
tion to the current, become warm under its influence. 
In measuring the resistance of a lamp cold, only one 
or two cells of the battery should be used, otherwise 
the current set up will warm the filament and the 
reading will be false. Taking resistances of lamps 
when incandescent is effected by inserting a resistance 
of, say, 50 ohms in circuit with the lamp (call this 
resistance R^), taking a deflection on a high resistance 
reflecting galvanometer connected to the terminals of 
the lamp (call this deflection d^) Take a deflection 
(^2) with the galvanometer connected to the ends of 
the artificial resistance, then 

Resistance of lamp, hot = Ri--^ 

It is scarcely necessary to remind the reader that, 
prior to taking the resistance of a set of leads and 
returns, all the lamps must be taken off and the 
farthest extremities temporarily connected, forming 
a complete loop. In the case of ship wiring, where 
only one wire is employed, its extremity would be 
connected to the shell of the vessel. 

Insulation Resistance of the Circuits. — ^The import- 
ance of the insulation testing is daily becoming 
greater. It is a point to which the attention of 
fire insurance offices has been particularly directed. 
Aboard ship the insulation tests are imperative. 

Each circuit should be measured according to the 
method already explained. Different offices have 
insisted upon different figures, but those required by 
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the PhcBnix Fire Office (1888) will answer our present 
purpose. They are as follow : — 

"In any electric light installation in which the 
current is continuous and has an electro-motive force 
of 200 volts or under, the insulation resistance over the 
whole installation should not be below the following : — 

500,000 ohms. 
250,000 „ 

125,000 „ 
25,000 „ 
12,500 „ 

ainimum insula- 
tion resistance should be twice the above number of 
ohms." It will be observed that the whole of the 
circuits are to be grouped in making the test. If 
each circuit is to be taken separately, the figures will 
necessarily be much higher. 

M, Picou's Rule for Insulation Testing, — This 
famous rule was communicated to the International 
Society of Electricians, Paris, November, 1888. 

Let R = total insulation resistance of the circuit 
in ohms. 

ky a constant (500) found by experiments with 
short lengths of wire covered with three layers of 
cotton wound in reverse directions, and passed 
between metal plates (representing earth). 

E, maximum E. M. F. of the dynamo in volts. 

C, total current passing through the circuits in 
amperes. 

Then 



c 



Professor Jamieson's Rule.* — ^The main difference 
between this rule and that formulated by M. Picou, 

♦ See a paper by Prof. Jamieson, read before the Institute of Electrical 
Engineers, Jan. 24, 1889. 
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lies in the substitution by Professor Jamieson of 
" lamps " for amperes. It is 

Ri = k- 

where Ri is the total insulation resistance of circuits 
and generator, or any part thereof and N,^ the number 
of lamps (of i6 c. p.) in each circuit or in the whole 
circuit. 

The Test for Conductivity or Continuity. 

This is the most common as well as the most 
essential test of an electric light circuit. It is gene- 
rally conducted by the wiresman himself, by the aid 
of the simplest apparatus. All that is required 
consists of a simple galvanometer (a lineman's 
** detector " is commonly employed), and any source 
of electricity capable of giving a current of an 
ampere. Leclanch6 portable cells are generally 
employed for this purpose. The circuit to be tested 
has all its lamps switched off, and the free ends 
clamped together. The galvanometer and battery 
are then connected in series across the switch-board 
terminals of the wires. If a deflection of the needle 
should not occur as soon as the circuit is closed, it is 
obvious that there is a total break of continuity in the 
wires, switches, or cut-outs. If the deflection is but 
weak, it may imply a faulty joint or some highly 
resisting point in the circuit. This test is so simple 
that nothing further need be said respecting it. 

Simple Insulation Test. 

Fig. 152 represents the arrangement of connections 
for this test. A wire is taken from a water-pipe. 
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or other good ** earth." As strong a battery as 
convenient (20 Leclanche cells at least should be 
employed) is connected in series, and through the 
galvanometer g to the lead to be tested. This wire 
is supposed to be freed from lamps. Its far extremity 
is insulated. If there is no sign of deflection of the 
galvanometer on closing the circuit, there is reason 
to believe that the lead is insulated and secure 
against leakage to earth. The test should be 
repeated with the return wires. But this test is 
not quite satisfactory as ordinarily carried out. The 




Lead 



^\-^^^^^^^^V^^-^^^^^^^^;^\^^^^^.^^s^^^^^ 



Fig. 152. — The Insulation Test. 



battery power is seldom sufficient. A test taken 
with a potential difference much lower than that of 
the dynamo gives no guarantee that the insulation 
will not fail when the working current is on. The 
test should obviously be made with a tension above 
that of the dynamo. This is not easily accomplished, 
except by means of a pretty large battery of cells, or 
a miniature dynamo. But it is found that if the test 
be taken, under ordinary conditions, before the instal- 
lation is worked and repeated after it has been run- 
ning for several hours, incipient faults are more apt to 
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be detected. The best kind of tests are those taken 
with the full current from the dynamo, as explained 
farther on. 

Simple Test for Leakage between Leads 
and Returns. 

The apparatus is arranged as in Fig. 1 53. As great 
a battery power as can be procured should be used. 
The leading and return wires are freed from lamps, 
which, however, should be in position, and merely 
switched off. All switches and fuses should be in 
place. The far extremities of the wires should be 



Lead 




Return 



Fig. 153.— Test for Leakage. 

insulated as represented. Any deflection of the gal- 
vanometer on repeated tapping with the circuit closing 
key will show that there is leakage between leads 
and returns. A full deflection will indicate a cross or 
short-circuit. A weak swing of the needle may show 
that there is merely a little leakage between the wires 
at some point where the installation is faulty. As in 
the case of the earth-test given above, this is only to 
be regarded as a wiresman's test, and is not always 
satisfactory. 

The foregoing tests are applicable while the instal- 
lation is yet incomplete. When all the circuits have 
been fixed, and the dynamo may be put upon them, 
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both the volt and ampere meters may be utilised to 
give more reliable and comprehensive information as 
to the quality of the work. 

Test for Working Resistance. 

The connections are arranged as in Fig. 154, with 
an ampere meter in circuit and a volt meter across 
the wires, as represented. All the lamps should be 
switched in, and the E. M. F. and current raised to 
their highest values. This affords a ready means of 

AsT^pere meter 




Fig. 154. — ^Working Resistance Test. 

arriving at the resistance by Ohm's law. Call the 
volts E, the amperes C, and resistance R, 

E 



Lamp Test for Earth Leakage. 

When the actual loss by earth leakage is not re- 
quired to be known in figures the following test, which 
is very sensitive, may be employed. Fig. 155 repre- 
sents a dynamo, D, working lamps in parallel. Two 
lamps of the voltage usually employed are taken for 
the test. A pair of lamps that have been found on 
trial to burn equally bright when placed simply across 
the leads, will be found the most suitable. The test 
lamps are connected as shown, in series^ across the 
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leads. Both lamps will be found to burn dimly. An 
earth connection, E, is now taken. When contact is 
established at a point midway between the test lamps 
one of the latter will be found to bum brighter than 
the other if there should be any earth leakage. The 
leakage will be upon the lead to which that lamp is 
connected, e,g, if the left-hand lamp be the brighter, 
the leak is due to the low lead. The superior bright 
ness of the lamp affords a good deal of information. 




6- 



Test 
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Lamps 



Fig. XS5.— Lamp Test for Leakage. 

It first proves that there is a current passing to earth, 
that there is a leak ; secondly, it shows upon which 
wire the leak exists ; and thirdly, it gives a fair indi- 
cation of the extent of the leak by the extent of 
brightness exhibited over its companion lamp. If 
the installation be running lOo-volt lamps, and the 
test lamp shows fiill brilliancy, it maybe inferred that 
the leakage bears some close relationship to the dif- 
ference of brightness in the two lamps. 
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Voltmeter Test for Earth Leakage. 

Maintaining the installation as in Fig. 154, but 
with the difference of connecting the voltmeter be- 
tween one of the leads and a good earth contact, E 
(Fig. 156), it is advisable to know the resistance of the 
voltmeter. This by Ohm's law 

E 

affords a ready means of determining the loss by 
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Fig. 156. — ^Voltmeter Test for Leakage. 

leakage. It is advisable to note the current, C, shown 
by the ampere meter, and that c due to leakage, then 

c 

where k is the constant representing the insulation 
resistance. The value should be rather greater than 
the constant to afford a margin of safety. 



Voltmeter Test for Leakage between Leads 
and Returns. 

Switch off (o. s.) all the lamps, and insert the volt- 
meter first in the circuit of the lower lead, then in the 
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upper lead, as represented in Fig. 157. A very slight 
leakage can be detected upon running the dynamo at 
normal speed. 

Rough Insulation Test /or Dynamo. — ^This test 
appears to be applicable only to series machines. The 
free end of a wire inserted into either terminal of the 
dynamo is stroked over the ironwork of the machine. 
When the insulation is defective sparks will appear. 




o.s. o.s. 
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Volts 
Fig. 157.— Voltmeter Test for Leakage between Leads. 

It is questionable whether this test is of any utility 
unless it be shown that the dynamo is giving circuit. 



Insulation of Arc Lighting Circuits. 

While the running of leads for arc lighting outdoors 
demands a good deal of careful attention in respect 
to insulation, this aspect of th6 subject is invested 
with considerably greater importance in the case of 
indoor work. In most systems of arc lighting it is 
only an economical source of illumination when the 
lamps are put in series upon the circuit. Hence, as 
the E. M. F. is in proportion to the number of lamps, 
it is common to employ from 500 to 1,000 volts upon 
such wires. Therefore the danger of short circuits, 
with their attendant evil consequences, is immensely 
increased in the case of arc series lighting. There is 
but one certain course to follow : to run well-covered 
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cables, and to doubly insulate these by lining them 
upon porcelain fluid insulators. An excellent cup 
form of the latter is now being used, in which a little 
resin oil is placed in the annular cup, forming insula- 
tion resistance of a very high order. It need scarcely 
be pointed out that no arc light leads should be con- 
cealed. They should be freely exposed to view, lined 
at a distance several inches from any wall or metallic 
work. The space between leads and returns indoors 
should never be less than several inches. 

Notes on Conductor Jointing. 

The foregoing tests of continuity, resistance and 
insulation can scarcely be regarded as complete with- 
out some reference to the practical work of connecting 
and jointing conductors. 

The Importance of Perfect Jointing. — A joint in an 
insulated cable or wire is a twofold operation requir- 
ing much practice. It implies, first, a perfect conductive 
joint, mechanically as strong as the uncut cable or 
wire, and, secondly, a perfect insulation joint, that can 
be depended upon to withstand damp or other con- 
tingency with at least as great certainty as the uncut 
insulation of the conductor. The most usual joints are 
known as parallel and T-joints. The latter is chiefly 
employed for feeders or branches to lamps. 

Parallel Conductor and Insulation Joint, — The details 
will depend upon the nature of the insulation, but an 
ordinary leading cable is jointed as follows : — Metal 
joint : Strip off" the insulation braiding, tape and 
indiarubber as carefully as possible, by unwinding for 
about four inches from each extremity. The insulation 
is not to be cut off", but must be kept for future wrap- 
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ping. The cable being stranded, cut out the central 
wire from each end. Proceed to twist the ends of one 
cable to those of the other. By careful manipulation 
each pair of wires may be firmly twisted together. 
Finally, give the whole a twist, to consolidate the 
joint. Sprinkle with powdered resin and run soft 
solder through it with a hot copper bit. It may be 
remarked that tinning fluid is generally preferred to 
resin, but it must be used very sparingly upon such a 
joint. Insulation joint: Carefully lap the joint with 
the unwound cotton, and fix with a coat of insulating 
varnish. Replace the rubber insulation, and support 
it outside by a wrapping of indiarubber strip, applied 
hot and smoothly tooled down. Over all place one or 
two coatings of felt tape, fixed with varnish. 

If the conductor be a wirCy it is to be scarfed with a 
file, the two switches forming a splice, which is 
soldered together and wrapped with fine tinned copper 
wire and again soldered. The insulating joint is the 
same. By the exercise of care, and the use of varnish 
and heat, the insulation joint can be made as good as 
any other part of the covering. 

T'joint. — Cut the insulation through at the junction 
point in the parallel lead. Unwind the coverings as 
before, leaving a space of two inches. Bring the bare 
end of the* junction wire across the lead at right 
angles, to the extreme left of the clearance. Wind the 
free end of the wire in a tight right-hand spiral around 
the naked lead, making a number of complete turns. 
Solder securely. Make the insulation joint as before, 
using indiarubber strip, and heat to cement all 
together. Every insulation joint made in rubber- 
covered wires or cables should withstand immersion 
in water without exhibiting leakage. 
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Accumulators, 40 

plates for, 44 

capacity of, 48 

efficiency of, 48 

treatment of, 49 

as transformers, 193 

aboard ship, 375 
Actuating drivers for arc lamps, 

214 
Albert Docks, circuits at, 313 
Alliance machine, 66 
Alteneck's arc lamps, 226 
Alternator machine, Siemens*, 124 

Ferranti*s, 126 

Mordey*s, 130 

Lowrie-Parker, 133 

and continuous current for in- 
candescent lamps, 290 

current for arc lighting, 308 
Amalgamating zinc, 9 
Ammeter, Ayrton and Perry's, 

334 

Ampdre, the, 5, 356 
Application of the light, 358 
Arc light. Professor Daniell on, 3 
under water, 4 
colour of, 4 
electric, 206 
lamps, 206 

carbons for, 210 
feeding devices for, 214 
actuating devices for, 214 
lamp, Serrin's, 215 
Archereau*s, 216 



Arc lamp, Brockie-Pell, 218 

Siemens', 225 

Gaiffe's, 221 

clutches for, 221 

Duboscq*s, 223 

Siemens' differential, 226 

Siemens' pendulum, 226 

Thomson-Houston, 232 

Lontin's, 234 

Brush, 235 

Carry's, 235 

"Wallace-Farmer, 242 

Rapieff's, 244 

Crompton's, 247 

Weston's, 248 

the Pilsen, 248 

rotating disc, 250 

Reynier's, 251 

"Werdermann's, 253 

Joel's, 255 

Brougham- Andr6, 255 

light with alternating current, 
308 

measurement of, 339 

cost of, 368 

circuits, 304 
Archereau's lamp, 216 
Armature, Siemens' shuttle, 70 

Pacinotti, 71 

Gramme, 74 
Armatures, drum, 109 

core of, no 

winding, in 

ring and disc, 121 

disc, winding of, 124 

Ferranti's 127 
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Aimatures, Weston's, 143 
Brash, 148 

laminated, 150 
spherical, 169 
Aron's electric meter, 204 
Athenaeum Club, cost of light at, 

368 
Automatic regulators for arc, 213 
Ayrton and Perry's ammeter, 334 

"pAR commutator, 309 
Batteries, voltaic, 6 
Batteries, nature of, 7 

direction of current of, 8 

circuit, 8 

poles of, 8 

constraction of, 8 

excitant for, 9 

cell, composition of, 10 

one liquid, 1 1 

two liquids, 1 1 

bichromate, 11 

polarisation of, 1 1 

double fluid, 11 

constraction of, 13 

bichromate, number of cells, 
16 

constant, 17 

Bunsen, 17 
Battery, Bunsen, constraction of, 
18 

number required, 22 

iron, 23 

chromate of lime, 24 

unsuitable for electric light, 26 

Grove's, 26 

platinum for, 28 

Upward's, 38 

for photographer's light. 30 

air agitation for, 32 

portable, 39 

Freidlander's, 40 
Batteries, secondary, 40 

accumulator, 40 



Batteries, Faure, 43 

thermo electric, 52 
Bichromate battery, 1 1 

constraction of, 13 

number of cells of, 16 
Binding screws for batteries, 8 
Blowpipe lamp, Jamin's, 264 
Board of Trade unit, 357 
Boxes, distribution and junction, 

327 
Breguet, 71 
' British Museum, circuits of, 312 
Brokie-Pell lamp, 218 
; Brougham-Andre lamp, 255 
Brush's dynamo, 148 

armature, 148 

laminated armature, 150 

regulator, 187 

lamp, 23s 

system, leading wires of, 203 
Bunsen battery, 17 

construction of, 18 

excitants of, 20 

number required, 22 
Burgin's dynamo, 168 

/^ABLES, stranded, 301 

Candle, electric, Jabloch- 
koff's, 256 
Candle, electric, "Wilde's, 259 

De Meritens*, 266 

Rapieff and Siemens', 266 
Capacity of secondary battery, 48 

Dynamo, 171 
Carbon points, 208 

for lamps, 210 
Carbonising filaments, 286 
Carbon resistance, 310 
Cardew's voltmeter, 336 
Carr6's carbons, 211 

lamp, 23s 
Cells, containing, for battery, 9 

composition of and porous, 10 
Cellulose filaments, 287 
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Chain-driving for dynamo, 184 
Circuit of battery, 8 
Circuiting, short, of d3mamo, 180 
Circuits, chapter on, 296 

for arc lighting, 304 

at British Museum, 312 

at Albert Dock, 313 

arrangement for incandescent 
lamps, 315 

mathematical investigation ot 
the, 350 
Clamps for battery, 8 
Clockwork electric meters, 204 
Clutch lamps, 221 
Coils, induction, 191 
Commutators, care of, 177 

bar, 309 
Compass disturbance, test for, 377 
Conductivity and resistance, 357 
Conduits for mains, 328 
Connection, platinum, for lamps, 

288 
Construction of batterj', 8 
Constant batteries, 17 
Containing cells of battery, 9 
Continuous and alternating currents 

for glow lamps, 290 
Controller, resistance, 309 
Converters, 191 

Zipemowsky*s, 195 
Core of drum armature, 1 10 
Cost of incandescent lighting, 367 

at Athenaeum Club, 368 

Kensington Museum, 369 

lighting at British Museum, 370 
Albert Hall, 370 
Cotton filaments, parchmentised, 

286 
Coupling piece for leading wires, 

303 
Crompton's lamp, 247 
Current regulators, 184 

for incandescent lighting, 290 
Cut-out and fuse, 328 



"Pv ANIELL, Prof., on electric arc, 

Davy, Sir Humphry, and the electric 

arc, 2 
De Meritens' machine, 85, 266 
Derived circuit winding, 118 
Detailed account of incandescent 

lamp, 282 
Deviator, Siemens*, 311 
Diflferential lamp, Siemens*, 226 
Dnect driving for dynamo, 184 
Disc armatures, 121 
Distributing dynamo. Gramme, 

184 
Distribution boxes, 327 
Double pole switches, 330 
Driving dynamo, 182 
Drum armatures, 109 

winding, iii 
Duboscq's lamp, 223 
Dwelling-house lighting, 358 
Dynamo, early conception of, 92 

electric machine, 92 

Ladd's, 96 

Holmes's, 96 

Gramme, 97 
work of, loi 

winding, series, 117 
shunt, 118 

Siemens* alternating, 124 

Ferranti's, 126 

Mordey*s alternating, 130 

Lowrie-Parker alternator, 133 
continuous current, 135 

Maxim's, 136 

Wilde*s, 137 

Weston's early, 139, 141 

a curious, 144 

Lontin's, 146 

Brush's, 148 

Edison's, 157 

Edison-Hopkinson, 162 

Wallace-Farmer, 165 

Biirgin, 168 
D 
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Dynamo, Thomson-Houston, 169 
size and capacity of, 171 
general observations on, 171 
efl5ciency of, 172 
testing, 172 
treatment of, 177 
short circuiting of, 180 
driving of, 182 

Dynamometer, electro, 331 

TJ ARLY electric lamps, 209 

incandescent lamps, 267 — 
271 
carbon incandescent lamps, 279 
Edison's dynamo, 157 

Hopkinson dynamo, 162 
electricity supply meter, 199 
early lamps, 271 
incandescent platinum lamps, 

274 

lamp, diagram of, 291 
Efficiency of accumulator, 48 

dynamo, 172 

incandescent lamp, 288 
Electric light, the first arc, 2 

under water, 4 

colour of, 4 
Electrical units, practical, 5 
Electricity supply meters, 199 

Schallenberger's, 201 

Feiranti, 203 

Forbes, 204 

Aron, 204 
Electric lamps, 206 

arc, 206 

lamps, early, 209 

lamps, actuating devices for, 
214 

candle, Jablochkoffs, 256 
Wilde's, 259 

RapiefPs and Siemens*, 
266 

blowpipe, Jamin's, 264 

incandescence, 266 



Electric incandescent lamp', early 
Edison, 271 
light circuits, 328 
light in railway trains, 361 

Electro dynamometer, 351 

Electro-magnet, 66 

Elements, negative, 9 

Endosmos, 10 

E. P. S. accumulators, 46 

Equational numbers, 355 

Excitant for battery, 9 

"PALL of potential, 317 
Faraday's discovery, 57 

Faure's accumulator battery, 43 

Feeding devices for arc lamps, 214 

Feeders and mains, 324 

Feeders, 327 

Ferranti-Thomson dynamo, 126 
electricity meter, 203 

Filaments for lamps, the early, 
283 
flashed, 284 
attachments of, 284 
running on the pumps, 285 
parchmentised cotton, 286 
carbonising of, 286 
cellulose, 287 

Flashed filaments, 284 

Focussing lamps, 221 

Forbes* electricity meter, 204 

Friedlander's battery, 40 

Fuse and cut-out, 328 

QAIFFE'S lamp, 221 

Galvanic batteries, 6 
Graulard and Gibbs' transformers, 

196 
General observations on machines, 

171 
Glow-lamps, early, 280 
Gramme magneto-electric machine, 
74 



Gramme armature, 74 

dynamo, 97 

distributor d3mamo, 104 

dynamo, work of, loi 
Grid for secondary battery, 44 
Grove's battery, 26 

tJEAT units, 356 

High candle-power incandes- 
cent lamps, 289 
Holmes's dynamo, 96 

magneto machine, 69 
Hopkinson's indicator of potential, 
322 
three- wire system, 318 
Horse-power, number of lamps per, 

289 
House-lighting, battery for, 35 
Lalande battery for, 36 

J NC ANDESCENCE in vacuo and 
gas, 266 

lamps, early, 267 

lighting, cost of, 367 

lamp, Edison's earlier, 271 

lamps, platinum, 274 
early carbon, 279 
Swan's earlier, 280 
detailed account of, 282 
attachment of filaments of, 

284 
filaments flashed, 284 
parchment cotton, 286 
carbonising of, 286 
cellulose, 287 

life of, 288 

platinum connections for, 288 

efficiency of, 288 

high candle-power, 289 

number per horse-power on 
dynamo, 289 

voltage of, 290 

current required for, 290 

miner's, 292 



Incandescence lamps. Lane -Fox, 
292 
lighting, circuit arrangement 
for, 315 
in theatres, 359 
general, 359 
of large spaces, 360 
Induction, magneto-electric, 58 

coils, 191 
Indicators of potential in mains, 321 

Hopkinson's, 322 
Insulation testing, 388 
Introduction, i 
Iron batteries, 23 

TABLOCHKOFF's electric can- 

•^ die, 256 

Jamin's blowpipe lamp, 264 

Joel's lamp, 255 

Jointing for incandescent work, 397 

Joints in leading wires, 302 

Latimer Clark's, 304 
Junction boxes, 327 

TZ'APP and Snell's transformer, 

■'^ 196 

Kennedy's transformer, 197 

T ALANDE'S battery for house- 
lighting, 36 
Lamp, electric, 206 

early electric, 209 

arc, 206 

Serrin's arc, 215 

Archereau's, 216 

Brokie-Pell, 218 

clutch, 221 

GaifFe's, 221 

focussing, 221 

Duboscq's, 223 

Siemens', 225 

differential, 226 
pendulum, 226 
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Lamp, Thomson-Houston, 232 

Lontin's, 234 

Brush's, 235 

Carry's, 235 

Wallace-Farmer, 242 

RapieflTs, 244 

Crompton*s, 247 

Weston's, 248 

Pilsen, 248 

rotating disc, 250 

Reynier's, 251 

Werdermann's, 253 

Joel's, 255 

Brougham- Andr6, 255 

Jamin's blowpipe, 264 

incandescent, early, 267 

filaments, the earlier, 283 
flashes, 284 

incandescent, life of, 288 
high candle-power, 289 
Lamps, number of per horse-power, 
289 

incandescent, voltage of, 290 
Lane-Fox, 292 
Lane-Fox's lamps, 292 
Large spaces, incandescent lighting 

of, 360 
Latimer-Clark's wire joints, 304 
Leading wires, 300 

joints in, 302 
Leakage tests, 392, 393, 395 
Life of incandescent lamp, 288 
Light, arc, under water, 4 
Lighting house, battery for, 35 

ships, cells for, 49 

by incandescence, 358 
Lime, chromate of, battery, 24 
Lontin's lamp, 234 
Lowrie-Parker dynamo, 133 

TV/TACHINES, magneto-electric, 

57 
StShrer's, 63 
the Alliance, 66 



Machines, Breguet's, 71 

Varley*s, 72 

De Meritens', 85 

Wilde's, 87 
Machines, dynamo-electric, 92 

Siemen's, 113 
Magneto-electricity, Faraday's dis- 
covery of, 59 

induction, 58 

machine, 59 

the Alliance, 66 
Holmes's, 69 
Gramme's, 74 
Wilde's, 87 
Mains, systems, 296 — 299 

fall of potential in, 317 

indication of potential in, 321 

and feeders, 324 

materials of, 325 
Mathematical notes, 347 

investigation of the circuit, 350 
Maxim's dynamo, 136 

incandescent lamp, 292 
Measurement, electrical units of, 5 

of arc light, 339 
Meters, electric supply, 199 

Siemens' watt, 333 
Miner's incandescent lamps, 292 
Miner's lamp. Swan's, 293 

Pitkin's, 294 

Schanschieffs, 295 
Mordey's dynamo, 130 
Multiple series system of circuit, 298 

arc system, the, 298 

"VTATURE of batteries, 7 

Negative and positive battery 

elements, 8 
Number of incandescent lamps 

maintained per horse-power, 289 



/^BSCURED glass, effects of in 
^^ lamps, 365 
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Ohm, the, 5, 356 
Ohm's law of the circnit, 356 
One-liquid battery, 1 1 
Opalescent glass, effects of, 365 

pACINOTTI'S ring armature, 

Parchmentised cotton filaments for 

lamps, 286 
Pendulum arc lamp, Siemens', 226 
Photographer's light, battery for, 30 
Photometer, Rumford, Bunsen, 340, 

341 
Pilot wires, 321 
Pilsen lamp, 248 
Pitkin miner's lamp, 294 
Plant6's discovery, 41 

secondary battery, 41 
Plate, negative, for battery, 9 
Platintmi for battery, 28 

incandescent lamps, 274 

connection for incandescent 
lamps, 288 
Plugs, fusible safety, 328 
Points, carbon, 208 
Polarisation of battery, 1 1 
Porous cell, lo 
Portable battery, 39 
Positive and negative, 8 
Potential, fall of, in mains, 317 

indicator of, in mains, 321 
Primary batteries for house lighting, 

35 
Process of carbonising, 286 
Pumps, running on the, 285 

-RAILWAY trams, electric Ught- 
-*^ ingof, 361 
Rapieff's lamp, 244 

and Siemens' electric candles, 
266 
Regulators of current, 184 

Brush's, 187 



Reynier's lamp, 257 
Resistance tests, 383 

(working) tests, 393 

controllers, 309 

carbon, 310 

and conductivity, 357 
Ring, Gramme's, 75 

and disc armatures, 121 
Rope-driving for dynamo, 183 
Rotating disc lamps, 258 
" Running on the pumps," 285 



C AFETY lamps, miner's electric, 
^ 292 

plugs and fuses, 328 
Sawyer-Mann incandescent lamp, 

268 
Saxton magneto-electric machine, 

61 
Schallenberger's electricity meter, 

201 
Schanschieff's miner's lamp, 295 
Secondary battery, 40 
plates for, 44 
E. P. S. type, 46 
as a transformer, 193 
Self-regulating transformers, 197 
Series winding of Siemens' dynamo, 

117 
Series system of circuits, 297 
Serrin'slamp, 215 
Ship lighting, 373 

cells for, 49 
wmng, 376 
lamps, 378 
cables, 379 
Shop and warehouse lighting, 358 
Short circuiting of dynamo, 180 
Shunt winding of Siemens' dynamo, 

117, 118 
Siemens' shuttle armature, 70 
dynamo, 113 

series winding of, 117 



Siemens* alternating dynamo, 124 

regulator, 185 

lamps, 225 

deviator, 311 

electro dynamometer, 331 

watt-meter, 333 
Single-liquid battery, 1 1 
Size and capacity of dynamo, 171 
Soldering, 9 
Spherical armature, 169 
Stohrer's machine, 63 
Stranded cables, 301 
Street arc-lighting, cost of, 369 
Swan's earlier lamps, 280 

miners' lamps, 293 
Switches, 330 

System of mains, classification of, 
296 — 299 

'pESTING dynamo, 172 

for compass distiu-bance, 377 

for insulation, 388 

for leakage, 392 
Thames Embankment, lighting of 

the, 371 
Theatres, the incandescent light 

in, 359 
Thermo-electric batteries, 52 
Thomson -Houston dynamo, 169 

lamp, 232 
Thomson, Sir Willia-n, voltmeter, 

336 

Three-wire system, the, 298 — 318 
Transformers, 191 

accumulators, as, 193 

Zipemowsky's, 195 

Kapp and Snell's, 196 

Gaulard and Gibbs*, 196 

self-regulating, 197 

Kennedy's, 197 
Treatment of accumulators, 49 

dynamos, 177 



Two-wire system, 297 
with feeders, 298 

T TNIT, Board of Trade, 357 
^ Upward's battery, 58 

TTACUO, incandescence in, 266 

Varley's machine, 72 
Volt, the, 5, 356 
Voltage, &c., of incandescent lamps, 

290 
Voltaic batteries, 6 
Voltmeter test for earth leakage, 

395 
Voltmeters, 335 
Cardew's, 336 

TXTALKER'S battery, 39 

Wallace - Farmer dynamo, 

«6S 

lamp, 242 
Watt, the, 5 

Watt-meter, Siemens', 333 
Werdermann's lamp, 253 
Weston's dynamo, earlier, 139 

lamp, 248 
Wilde's machine, 87 

alternating dynamo, 137 

electric candle, 259 
Winding drum armature, 1 1 1 

shunt, Siemen's machine, 117 

shunt, 118 

ring and disc armatures, 122 
Wire, insulated, nature of, 382 

joint, Latimer-Clark's, 304 
Wires, pilot, 321 
Wiring tests, 381 
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Zipemowsky's transformer, 
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one of the most useAil of its kind published, and will t>e a very popular compendium."— ^Mff^'n/^r. 

" A mass of information, set down in simple language, and in such a form that it can be easily 



referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers' shelTes, where it w'" ' — 
one of the most useful books of reference."— /V««ftor/ Engifteer. 



by the illustrations. The book will find its way on to most engineers' shelves, where it wiU rank as 
of the most useful books of reference."— /V««ftor/ Enzineer. 
" Should be found on the office shdf of all practical engineers."- ^/r^/i'xA Mechanic. 



2 CROSBY LOCK WOOD & SON'S CATALOGUE, 

Handbook for Works^ Managers. 

THE WORKS' MANAGER'S HANDBOOK OF MODERN 

RULES, TABLES, AND DATA. For Engineers, Millwrights, and Boiler 

Makers; Tool Makers, Machinists, and Metal Workers; Iron and Brass 

Foanders, &c. By W. S. Hutton, C.E., Author of " The Practical Engineer's 

Handbook." Fourth EditioUj carefully Revised, and partly Re-written. In 

One handsome Volume, medium 8vo, 155. strongly bound. [Just published, 

t^ The Author having compiled Rules and Data for his own use in a great 

variety of modem engineering work, and having found his notes extremely useful, 

decided to publish them— revised to date—believtng that a practical work, suited to 

thcDkii^Y REQUiREysNTS OF MODERN KKGiKKKKS, would be favourably rcccived. 

In the Third Edition, the following among other additions have been made, viz.: 

Rules for the Proportions of Riveted Joints in Soft Steel Plates,the Results of Experi- 

mtnts by Professor Kennedy /or the Institution of Mechanical Engineers— Rules 

for the Proportions of Turbines— Rules for the Strength of Hollow Sttafts of Whit- 

worth*s Compressed Steel, &c, 

♦»* Opinions of the Press. 
"The author treats erery subject from the point of view of one who has coOected workshop 
notes for application in workshop practice, rather than from the theoretical or literary aspect. The 
volume contains a sfreat deal of that kind of information which is gained only by practical experi* 
ence, and is seldom written in books."— En£inegr. 

"The volume is an exceedingly useful one, brimful with ensrhieers* notes, memoranda, and 
rules, and well worthy of bein^ on every mechanical eng^eer's booksheHf."— Mechanical IVbrld. 

" The information is precisely that likely to be required in practice. . . . The work forms a 
desirable addition to the library not only of the works manager, but of anyon 



general engineering."— ^»«»«p' yournal. 
■' " ' '^^* ' far- ' " 



f anyone connected with 



A formidable mass of facts and figures, readily accessible through an elaborate index 
.... Such a volume will be found absolutely necessary as a book of reference in all sorts 
of 'works 'connected with the metal trades." — Ryland's Iron Trades Circular. 

" Brimful of useful information, stated in a concise form, Mr. Hulton's books have met a presr* 
Ing want among engineers. The book must prove extremely useful to every practical man 
possessing a copy."— Practical Engineer, 

^Practical Treatise on Modem Steam-Boilers* 

STEAM-BOILER CONSTRUCTION. A Practical Handbook 
for Engineers, Boiler-Makers, and Steam Users. Containing a large Col- 
lection of Rules and Data relating to the Design, Construction, and Working 
of Modern Stationary, Locomotive, and Marine Steam-Boilers. By Walter 
8. HuTTON, C.E., Author of "The Works' Manager's Handbook," &r. 
With upwards of 300 Illustrations. Medium 8vo, i8s. cloth. [_Just published, 
*'Evtry detail, both in boiler design and management, is clearly laid before the reader. The 
volume shows that boiler construction nas been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to the Jlu de siecle Engineer and Worki" 
Manager.''— AfaWw* Engineer. 

" There has lone been room for a modem handbook on steam boilers ; there is not that room 
now, because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occu- 
pied in the construction, design, selection, or use of boilers."— fn^V/^^r. 

*^The Modernised Templeton.^' 

THE PRACTICAL MECHANICS WORKSHOP COM- 
PA NION, Comprising a ^eat variety of the most useful Rules and Formulae 
in Mechanical Science, with numerous Tables of Practical Data and Calca< 
lated Results for Facilitating Mechanical Operations. By William Templb- 
TON, Author of " The Engineer's Practical Assistant,'^ &c. &c. Sixteenth 
Edition, Revised, Modernised, and considerably Enlarged by Walter S. 
HuTTON, C.E., Author of "The Works' Manager's Handbook," "The 
Practical Engineer's Handbook," &c Fcap. 8vo, nearly 500 pp., with Eight 
Plates and upwards of 250 Illustrative Diagrams, 6s., strongly bound tor 
workshop or pocket wear and tear. IJust published^ 

\* Opinions of the Press. 
" In Its modernised form Hutton's ' Templeton ' should have a wide sale, for it contains much 
rzduable information which the mechanic will often find of use. and not a few tables and notes which 
he might look for in vain in other works. This modernised edition will be appreciated by all who 
have ^rned to value the original editions of ' Templeton.' "^English Mechanic. 

" It has met with great success in the engineering workshop, as we can testify; and there ar« 
a great many men who, in a great measure, owe their rise in life to this little hoo}e.."—BuildiHg News. 
" This familiar text-book— well known to all mechanics and engineers— is of essential service to 
the every-day requirements of engineers, millwrights, and the various trades connected with 
engineermg and building. The new modernised edition is worth its weight in gold.''—Buildit^ 
News. (Second Notice.) 

•• This well-known and largely used book contains information, brought up to date, of the 
sort so usefiil to the foreman and draughtsman. So much fresh information has been introduced 
as to constitute it practicaUy a new book. It will be largely used in the office and workshop."— 
Michanical World. 



MECHANICAL ENGINEERING, etc. 



Stone'Working Machineirym 

STONE-WORKING MACHINERY, and th$ Rapid and Economu 
col Conversion of Stone, With Hints on the Arrangement and Management 
of Stone Works. By M. Powis Balb. M.I.M.E. With lUusts. Crown bvo, os. 
*' Should be in the hmnds of every mason or student of stone-woric"— C^/U^ry Gtutnlian, 
" A capital handbook tor all who manipulate stone for building or ornamental purposes. "— 
Machinery MarkO* ' 

JPump Construction and Management. 

PUMPS AND PUMPING : A Handbook for Pump Users. Being 
Notes on Selection, Construction and Management. By M. Powis Bale 
M.I.M.E., Author of " Woodworking Machinery," &c. Crown 8vo, as. 6d. ' 
" The matter is set forth as concisely as possible. In fact, condensation rather than diflusencss 
has been the author's aim thronirhout; yet he does not seem to have omitted anythinsr lilcelv to be 

Milling Machines^ etc. 

MILLING : A Treatise on Machines, Appliances, and Processes em- 
ployed in the Shaping of Metals by Rotary Cutters, including Information on 
Making and Grinding the Cutters. By Paul N. Hasluck, Author of " Lathe- 
work." With upwards of 300 Engravings. Large crown 8vo, 12s. 6d. cloth. 

Turning. ^**^^ published. 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning, By Paul N. Hasluck. 

Fourth Edition, Revised and Enlarged. Cr. 8vo, 5s. cloth. 

•* Written by a man who knows, not only how work ought to be done, but who also knows how 
to do it, and how to convey his knowledge to others. To all turners this book would be valuable." 



—Engineering, 

" We can safely recommend the work to young e _ . 

invaluable. To the student it will convey a great deal of useful information."— £n(£^n«^. 



B can safely recommend the work to young engineers. To the amateur it will simpfy be 



Screw-Cutting. 

SCREW THREADS : And Methods of Producing Them. With 
Numerous Tables, and complete directions for using Screw-Cutting Lathes. 
By Paul N. Hasluck, Author of " Lathe- Work," &c. With Fifty Illustra- 
tions. Third Edition, Enlarged. Waistcoat-pocket size, is. 6d. cloth. 
" Full of useful information, hints and practical criticism. Taps, dies and screwing-tools gene- 



It is a complete comp«idium of all the details of the screw cutting lathe ; in foct a muUum- 
"thes "• ' ' " .....-.- 



rallyare illustrated and their action described."— ^^cAantVa/ World, 

" It is a complete comp«idium of all the details of the screw cutt 

in-parvo on all the subjects it treats upon." — Carpenter and Builder. 

Smithes Tables for Mechanics, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Selected and Arranged by Francis Smith. Fifth Edition, thoroughly Revised 
and Enlarged, with a New Section of Electrical Tables, Formula, and 
Memoranda. Waistcoat- pocket size, is. 6^. limp leather. [Just published, 
" It would, perhaps, be as difficult to make a small pocket-book selection of notes and formulae 
to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successAil atumpt,"— Engineer. 

" The best example we have ever seen of 250 pages of useful matter packed into the dimen- 
sions of a caLtd<aae.''—JBuiUiHg News, " A veritable pocket treasury of knowledge."— /ron. 

Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 

PRACTICAL ASSISTANT. A collection of Useful Tables, Rules and Data. 

By William Tbmplbton. 7th Edition, with Additions. i8mo, 2s. 6d. clotb. 

" dccni^es a foremost place among books of this kind. A more suitable present to an appren- 
tice to any of the mechanical trades could not possibly be mada."'— Building News. 

"A deservedly popular .worlc, it should be in the 'drawer' of every mechanic."— J?»^/irA 
Jliechattie, 

Iron and Steel. 

" IRON AND STEEL " ; A Work for the Forge, Foundry, Factory, 
and Office, Containing ready, useful, and trustworthy Information for Iron- 
masters ; Managers of Bar, Rail, Plate, and Sheet Rolling Mills : Iron and 
Metal Founders : Iron Ship and Bridge Builders ; Mecnanical, Mining, and 
Consulting Engineers; Contractors, Builders, &c. By Charles Hoars. 
Eighth Edition, Revised and considerably Enlarged, samo, 6s. leather. 

" One of the best dl the pocket \iOo\ss."— English Mechanic, 

" We cordially recommend this book to those engaged in considerlnc the detdh of aD kinds of 
iron and sted wono."— Atevo/ Scitnet, 



4 CROSBY LOCKWOOD 6* SON'S CATALOGUE. 

Engineering Construction. 

PATTERN 'MAKING : A Practical Treatise^ embracing the Main 
Types of Engineering Construction, an^^ including Gearing, both Hand and 
Machine made, Engine Work, Sheaves and Pulleys, Pipes and Columns, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in 
Loam and Greensand, &c., together with the methods of Estimating the 
weight of Castings; to which is added an Appendix of Tables for Workshop 
Relerence. By a Foreman Pattern Maker. With upwards of Three 
Hundred and Seventy Illustrations. Crown 8vo, ys. 6d, cloth. 
"A well- written technical g^ide, evidently written by a man who understands and has prac- 
tised what he has written about. . . . We cordially recommend it to engineerinir students, ycuug 
Journeymen, and others desirous of being initiated into the mysteries of pattern-making."— ^M</f^«r. 
" We can confidently recommend this comprehensive treatise.' — Builditig^ News. 
" LJkelv to prove a welcome guide to many workmen, especially to draughtsmen who have 
lacked a training in the shops, pupils pursuing their practical studies m our fJactortes, and to em- 
ployers and managers in en^neering ytoxVsT— Hardware Trade journal, 

" More than 370 iUustrattons help to explain the text, which is, however, alwasrs clear and ex- 
plicit, thus rendering the work an excellent vade mecum for the apprentice who desires to become 
master of his tx»dt.'—£n£^/ish Mechanic, 

Dictionary of Mechanical Engineering Terms. 

LOCKWOOD' S DICTIONARY OF TERMS USED IN THE 

PRA CTICE OF MECHANICAL ENGINEERING, embracing those current 

in the Drawing Office, Pattern Shop, Foundry, Fitting, Turning, Smith's and 
Boiler Shops, &c. &c. Comprising upwards of 6,000 Definitions. Edited by 

A FoRKMAN Pattbrn-Maksr, Author of " Pattern Making." Crown 8vo, 

75. 6d. cloth. 

"Just the sort of handy dictionary required by the various trades engaged in mechanical en- 
gineering. The practical engineerin|f pupil will find the book of great value in his studies, and 
every foreman engineer and mechanic should have a copy." — Building' News. 

" Aiter a careful examination of the book, and trying all manner of words, we think that the 
engineer will here find all he is likely to require. It will be largely used." — Practical Engineer. 

"One of the most useful books which can be presented to a mechanic or sXyxd&aX."— English 
Mechanic. 

" Not merely a dictionary, but, to a certain extent, also a most valuable guide. It strikes us as 
a happy idea to combine with a definition of the phrase useful information on the subject of which 
it Xxeaxs."— Machinery Market. .. - -> 

" No word having connection with any branch of constructive engineering seems to be 
omitted. No more comprehensive work has been, so far, '\ssxi9d.'^— Knowledge. 

" We strongly commend this useful and reliable adviser to our friends in the workshop, and to 
students everywhere."— C.///»«o' Guardian, 

Steam Boilers. 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
struction^ and Economical Working, By Robert Wilson, C.E. Fifth Edition. 
i2mo, 6s. cloth. 

"The best treatise that has ever been published on steam h<M«rs."—Eftgineer, 
"The author shows himself perfect master of his subject, and we heartily recommend all em- 
ploying steam power to possess themselves of the work,"— Xj/land's Iron Trade Circular, 

Boiler Chimneys. 

BOILER AND FACTORY CHIMNEYS; Their Draught- Power 
and Stability. With a Chapter on Lightning Conductors. By Robert 
Wilson, A.T.C.E., Author of "A Treatise on Steam Boilers," &c Second 
Edition. Crown 8vo, 3*. 6d. cloth. 

" Full of useful information, definite in statement, and thoroughly practical in treatment. — 
The Local Government Chronicle. 

" A valuable contribution to the literature of scientific building."— 7%^ Builder, 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER &> ASSIST- 
A NT, With Examples of Practical Geometry and Templating, for the Use 
of Platers, Smiths and Riveters. By John Courtney, Edited by D. K. Clarv, 
M.I.C.E. Third Edition, 480 pp., with 140 Illusts. Fcap. 8vo, 7s. half-bound. 
"No workman or apprentice should be without this book."— /r«»« Trade Circular, 
" Boiler-makers will readily recognise the value of this volume. . . . The tables are cleariy 
printed, and so arranged that they can be referred to with the greatest fiidlity, so that it cannot l>« 
doubted that they wiU be generally appreciated and much used,"— Mining J^oumal, 

Warming. 

HEATING BY HOT WATER; with Information and Sug- 
gestions on the best Methods of Heating Public, Private and Horticultural 
Buildings. By Walter Iones. With Illustrations, crown Svo, is, cloth. 
" We confidently recommend all interested in heating by hot water to secure a copy of thic 
trainable little treatise."— 77t« Plumber and Decorator. 



MECHANICAL ENGINEERING, 8tc. 



Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. With a Sup- 
plement on Gas En^nes, and Part II. on Heat Engines. By T. M. 
GooDBVB, M.A., Barrister-at-Law, Professor ot Mechanics at the Normal 
School of Science and the Royal School of Mines; Author of "The Princi- 
ples of Mechanics," "The Elements ot Mechanism," &c. Eleventh Edition, 
Enlarged. With numerous Illustrations. Crown 8vo, 6s. cloth. 
"Professor Goodere has given us a treatise on the steam engine which will bear comparison 

with anything written hj Huxley or Maxwell, and we can award it no higher praise."— ^mtkhm^. 
** Mr. Goodeve's text-book is a work of which every young engineer should possess himsdf." 

^Mining youmal, 

Qas Engines. 

ON GAS-ENGINES, Being a Reprint, with some Additions, of 
the Supplement to the Text-book on the Steam Engine, by T. M. GoodbvBi 
M.A. Crown 8vo, 2s. 6d, cloth. 
" Like all Mr. Goodeve's writings, the present is no exception in point of general excellence. 
It U a valuable little r6iiamt.'—MedkaHiatlfVifrUL 

Steam, 

THE SAFE USE OF STEAM. Containing Rules for Un- 
professional Steam-users. By an Enginbbr. Sixth Edition. Sewed, 6d. 
" If steam-users would but learn this little book by heart boiler explosions would become 
sensations by their rarity."— f^v'/ix^k Mechanic 

Reference Booh for Mechanical Engineers* 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, 
for Machine and Boiler Construction. In Two Parts. Part I. General 
Engineering Data. Part II. Boiler Construction. With 51 Plates and 
numerous Illustrations. By Nelson Foley, M.I.N.A. Folio, £5 y, half- 
bound. [Just published. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, for 
Engineers and Steam-users. By Nblson Foley, Author of " Boiler con- 
struction.** Pocket-size, 35. 6d. cloth ; 45. leather. 

" These tables are designed to meet the requirements of every-day use ; and may.be com- 
mended to engineers and users of steam.''— /rM». 

" This pocket-book well merits the attention of the practical ena^eer. Mr. Foley has com* 
pOed a ren^ useful set of tables, the information contained in wmch is frequently required by 
engineers, coal consumers and users of steam."— /rvw and Coal Trades Rfvitw, 

Fire EngineeHng. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Management : Re- 
marks on Fire-Proof Buildings, and the Preservation of Life from Fire ; 
Foreign Fire Systems, &c. By C. F. T. Young, Cfi. With numerous 
Illustrations, 544 pp., demy 8vo, £ i 45. cloth. 
" To such of our readers as are interested in the subject of fires and fire apparatus, we can most 

heartily commend this book."'- St(£ifueHfig'. 

" It displays much evidence of careful research ; and Mr. Young has put his fiicts neatly 

together. It is evident enough that his acquaintance with the practical details oi the construction of 

steam fire engines is accurate and fu}L"—£ft£it$€*r, 

Estim^ating for Engineering Work, ^c. 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: 
A Guide to Commercial Engineering. With numerous Examples of Esti- 
mates and Costs of Millwright Work, Miscellaneous Productions, Steam 
Engines and Steam Boilers ; and a Section on the Preparation of Costs 
Accounts. By A General Manager. Demy 8vo. i25. cloth. 
" This is an excellent and very useful book, covering subject-matter in constant requisition in 

every factory and workshop. . . . The book is invaluable, not only to the young engineer, but 

also to the estimate department of every works."— Suiidrr. 

" We accord the work unqualified praise. The information is given in a plain, straightforward 

manner, and bears throughout evidence of the intimate practical acquaintance of the author with 

every phrase of commercial engineering."— AfecAa/t^a/ WorkU 

Elementary Mechanics. 

CONDENSED MECHA NICS. A Selection of Formulae. Rules, 
Tables, and Data for the Use of Engineering Students, Science Classes, &c. 
In Accordance with the Requirements of the Science and Aft Department 
By W. G. Crawford Hughes, A.M.I.C.E. Crown 8vo, «. 6i. cloth. 

IJust published. 



THE POPULAR WORKS OF MICHAEL REYNOLDS 
("The Bngins Driysr's Friend"). 

Locomotive-Engine Driving, 

LOCOMOTIVE-ENGINE DRIVING: A Practical Manual for 
Ef^ineers in charge of Locomotive Engines. By Michael Reynolds, Member 
of the SocietyofBneineers, formerly Locomotive Inspector L. B.and S. C. R. 
Eighth Edition. Including a Key to the Locomotive Engine. With Illus- 
trations and Portrait of Author. Crown 8vo. 45. 64. cloth. 
*'Mr. Reynolds has supplied a want; and has supplied it welL We can confidentiy recommend 

the book, not only to the practical driver, but to everyone who takes an interest in the performance 

of loc<xnotive engines. "— rke Engineer. 

" Mr. Reynouis has opened a new chapter in the literature of the day. This admirable practical 

treatise, of the practical utility of which we have to speak in terms of warm commendation."— 

Atkenaum, 

** Evidendy the work of one idio knows his subject thoroughly."— Railway Service GoMette. 
" Were the cautions and rules given in the book to become part of the every-day woridng ot 

o or en);[ine-drivers; we mi^fat have fewer dlstressinfir accidents to aei^re."--sS<»toMaM. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Enpneers in charge of Stationary Engines. By Michael Reynolds. Fourth 
Edition, Enlarged. With Plates and Woodcuts. Crown 8vo, 45. 6d. cloth. 
"The author is thoroughly acquainted with his subjects, and his advice on the various points 

treated is clear and practical. . . . He has produced a manual which is an exceedingly useful 

one for the class for whom it is specially intendeid." — Engineering: 

" Our author leaves no stone unturned. He is determined that his readers shall not only know 

somethinsT about the stationary engine, but all about it."— Engineer. 

"An engineman who has mastered the contents of Mr.Rejrnolds'sbookwDl require but Itttie actual 

experience with boilers and engines before he can be trusted to look after ^enx."—EnglishMechanic, 

The Engineer^ Fireman^ and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors. By Michael Reynolds. With numerous Illus- 
trations and a fine Portrait of George Stephenson. Crown 8vo, 45. 6d. cloth. 



"From the technical knowledge of the author it will appeal to the railway man of to-day more 
forcibly than anything written by Dr. Smiles. . . . The volume contains information of a tech* 
nical land, and facts that every driver should be femiliar ■with."—Eng'tish Mechanic. 



"We should be glad to see this book in the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine."— /fVM. 

Continuotis Eailway Brakes. 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on 
the several Systems in Use in the United Kingdom; their Construction and 
Performance. With copious Illustrations and numerous Tables. By Michael 
Reynolds. Large crown Bvo, gs. cloth. 
" A popular explanation of the different brakes. It will be of great assistance in forming public 

opinion, and will be studied with benefit by those who take an mterest in the brake."— £^itf/irA 

Mec/tanic. 

"Written with sufficient technical detail to enable the prindple and relative connection ot the 

various parts of each particular brake to be readily giaspea."—I£echanicai fVorld. 

Engine-Driving lAfe. 

ENGINE-DRIVING LIFE : Stirring Adventures and Incidents 
in the Lives of Locomotive-Engine Drivers, By Michael Reynolds. Second 
Edition, with Additional Chapters. Crown Bvo. 25. cloth. 

" From first to last perfectiy ^cinating. Wilkie CoUins's most thrilling conceptions are thrown 

Into the shade by true incidents, endless in their variety, related in every zatge."— North British Mail. 

"Anyone who wishes to get a real insight into nulway life cannot do better than read ' Ei^ine- 

Driving Life' for himself ; and if he once take it up he will find that the author's enthusiasm and real 

love of the engine-driving profession will carry him on till he has read every ^pasP*"—StUHrdaiy Review. 

. Pocket Companion for Enginemen. 

THE ENGINEMAN'S POCKET COMPANION AND PRAC- 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Reynolds. With Forty-five Illustra- 
tions and numerous Diagrams. Second Edition, Revised. Royal iSmo, 35. 6<i., 
strongly bound for pocket wear. 

" This admirable work is well suited to accomplish its object, being the honest workmanship of 
a competent engineer." — Glasgow Heraldi 

" A most meritorious work, giving in a succinct and practical form all the Information an engine 
minder desirous of mastering the scientific principles of his daily calling would require."— ^il/iMrr 

" A boon to those who are striving to become efficient mechanics."— Z7a*;<y Chronicle, 



French'Mnglish Qlossa/ry for IGngineerSf etc. 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH; with Tables stdtable for the Architectural, 
Engineering. Manufacturing and Nautical Professions. By John jAyss 
Flbtcher, Engineer and Surveyor, aco pp. Waistcoat-pocket size, is. 6d,, 
limp leather. 

** It ouffht certainly to be in the wabtcoat-pocket of every professional man."— /fvn. 
" It is a Tery great advantage for readers and correspondents in France and England to have 
•o large a number of the words relating to engineering and manufacturers collected m a liliputian 
Tolmne. The little book wOl be usefuTboth to students and travellers.' —Architect. 

" The elossary of terms is very complete, and many of the tables are new and wdl arranged. 
We cordially commend the \ioclk.''~-Mtchanical World 

Portable JEnginea. 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 

MANAGEMENT, A Practical Manual for Owners and Users of Steam 

Engines generally. By William Dyson Wansbrouoh. With 90 Illustra- 

tions. Crown 8vo, 3s. 6d, cloth. 

"This is a work of value to those who use steam machinery. . . . Should be read by every 
one who has a steam engine, on a farm or elsewhere." — Mark Latu Excess. 

" We cordially commend this work to buyers and owners of steam engines, and to those who 
have to do with their construction or use."— Tim^^r Trade* youmoL 

" Such a gencnral knowledge of the steam engine as Mr. wansbrough furnishes to the reader 
should be acquired by all intelligent owners and others who use the steam engine. "— Building News. 

" An excellent text-book of this useful form of engine, which describes with all necessary 
minuteness the details of the various devices. . . ' The Hints to Purchasers contain a good deal of 
commonsense and practical yi\sAom."— English Mechanic, 



CIVIL ENQI NEERINO, SUR VEYINQ, etc. 

MR. NUMBER'S IMPORTANT ENGINEERING BOOKS. 
The Water Supply of Cities and Towns. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
OF CITIES AND TOWNS. By Williau Humber, A-M.Inst.C.E., and 
M. Inst. M.E., Author of " Cast and Wrought Iron Bridge Construction," 
&c. &c. Illustrated with 50 Double Plates, i Single Plate, Coloured 
Frontispiece, and upwards of 250 Woodcuts, and containing 400 pages of 
Text. Imp. 4to, £6 ds. elegantly and substantially half-bound m morocco. 
Lul ef Contents. 

Condi4Lt»,-3CJII. PfstTfbutkin of Wftter— XIV. 
Molfirs, Senrttio Pip«, snd H^iuse FJttlnigt,— 
XV, Thft ijiw and Economy of Water Wntks. 
XV[. Ce^niLinE t^id InEermittent 5u|)piy.— 
XV [I. ]:>«crii>t>[>n qC FUtt«s, ~ AnpeadlcK^ 
gfrinjf Tiible« of R^ie^ of Supply. VeludtlAi, 
&.C. ^c hk|TcLLcr With S]:'bi:36cAtioni of sovwrat 
WorJu illiiiiUatcil, ainunj^ which will bu fijund. : 
Abcrdwin^ ftidefnni, 'LatiLtfbury, Dundee, 

Halifn T^ L-ambcU^ Krt j.hiiprh*¥ft , IjullLui, Vld 

._ .^ ... . ... Otliftrs. 

Tho fQoit syeteiikitTc and tiiiuabl« *Dr1c tipan water supply hitherto prodnced In Bngltsh, or 
In any otlier Iiini;u3.gia. . . . ^[r, lluiubers work is cliAcact^iK-LL alJliOSt thn^Lii^hDLiL by aa 
e:thiiiuatiYiei]«m& much more d^inctivn ol Prutich and GmviaJi. ihim d{ English **^i'*^^~*i tr^itl$«." 
^Engineer. 

** We can congratulate Mr. Humber on having been able to give so large an amount of infor- 
mation on a subject so Important as the water supply of cities and towns. The plates, fifty in 
number, are mostly drawit^s of executed works, and alone would have commanded the attennoa 
of every engineer whose practice may lie in this branch of the ptoression,"— Builder. 

Cast and Wrought Iron Bridge Construction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDGE CONSTRUCTION, including Iron 
Foundations. In Three Parts— Theoretical, Practical, and Descriptive. By 
William HuysER, A.M.Inst.C.E., and M.InstM.B. Third Edition, Re- 
vised and much improved, with 1x5 Double Plates (20 of which now first 
appear in this edition), and numerous Additions to the Text. In Two Vols.i 
imp. 4to, £6 i6s. 6d. half-bound in morocco. 

** A very valuable contribution to the standard literature of civil engineering. In addition to 
elevations, plans and sections, large scale details are given which very much enhance the instruc- 
tive worth of those iUustTations.'w:»Vt/fi«^»««»'a«rf Architect's Journal. 

•• Mr. {lumber's stately volumes, lately issued— in which the most important bridges erected 
during the last five years, under the direction of .the late Mr. Bnmel, Sir W. Cubitt, Mr. Hawk, 
ihaw, Mr. Pagei Mr. Fodder, Mr. Hemans, and otbtrs among our most emin e nt engineers, are 
dxawn and specmed in great detalL'*— ^Msr^fMr. 



L HIstaHcal Sk«tch of s«in» of the m«.ini 
Ihiit hare becmndDiitftd fof llie £iuptily ^^ Water 
to CtUe^ a^d Tufrnfi.^Il, Witar and the Fo- 
Rl|rn M^msr usually aisaci^klad friLh_ It.-^lll. 
RamX^I and E ViipoEntioii .-^ 1 Vl Spring^ and 
the w ater^bFarinu fonsntii^as of various das' 
trtcta.— V, MBOSbireiucnt ami EstimaLlon of the 
d{]# fA Waler— VL llhi the ^dccliua af thn 
Source Pf Surply.— Vll^ Wells.— Vl 1 1, Rcser* 
Tuirt.— IX. The PiuificaUan of "WiklHr^— Xn 
^KldpS^ — XL Pumping MaclUnei^. — XtJ, 



MR. HUMBERTS GREAT WORK ON MODERN ENGINEERING. 

Complete in Four Volumes, imperial 4to, price /x2 iss., half-morocco. Each 
Volume sold separately as follows :— 

i RECORD OF THE PROGRESS OF MODERN ENGINEER- 
ISG. First Sbries. Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, Ac. By William Humbbr, 
A-M.Inst.C.E., &c. Imp. 4to, with 36 Double Plates, drawn to a large scale* 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copious 
descriptive Letterpress, Specifications, &c., £3 3s. half-morocco. 

List of the Plates and Diagrams, 



Victoria Station and Roof, L. B. & S. C. R. 

St plates); Southport Pier (a plates); Victoria 
Ution and Root. L. C. & D. and G. W. R. (6 
[datea); Roof of Cremorae Music Hall ; Bridge 
OTer G. N. RaQway ; Roof of Station, Dutch 
Rhenish Rail (a plates); Bridge over the 



Thames, West London Extension RaDwair (H 
^tes); Armour Plates: Su^>enslon Bridge, 
Thames (4 plates); The Allen Engine; Sn»> 
pension Bridge. Avon (3 {dates); UndugtoaaA 

t 
Handsomely lithographed and printed. It wfll find ftiTOur with many who derire to preaerv* 
in a permanent form copies of the plans and specifications prepared for the guidance of Uie ooo> 
tractors for many imi>ortant engineering works. —£fi£iHeer. 

HUMBERTS RECORD OF MODERN ENGINEERING. Second 
Sbribs. Imp. 4to, with 36 Double Plates, Photographic Portrait of Robert 
Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letterpress» 
Specifications, &c., £3 3s. half-morocco. 

List of the Plates and Diagrams. 



Dnage over Kiver L.ea (3 piaiesn « 
Bridge oyer Marsh Lane. Nor 
Railway, and Bow and Barking 1 
ticm; Outfall Sewer. Bridge ov 



Birkenhead Docks, Low Water Basfai (k 
plates); Charing Crocs Station Roof; C. C. 
Railway (3 plates) ; Digswell Viaduct. Great 
Northern Railway : Robbery Wood Viaduct, 
Great Northern Railway; Iron Permanent 
Way: Clydach Viaduct, Merthyr, Tredegar, 

" Mr. Humber has done the profession good and true service, by the fine collection of examples 
be has here brought before the profession and the pubiic"—PracticaJ Mtchani^s youmtU, 

HUMBERTS RECORD OF MODERN ENGINEERING. Third 
Sbries. Imp. 4to, with 40 Double Plates, Photographic Portrait of J. R. 
M'Clean, late Pres. Inst. u.E., and copious descriptive LetterpresSi Speci- 
fications, &c, £z 3s. half-morocco. 

List of the Plates and Diagrams, 
Main drainagb. mhtropolis.— a*;**** 

SMSp.— Map showing Interception of Sewers; 
Middle Level Sewer (a plates) ; OiitfaU Sewer, 
Bridge over River Lea (3 plates) ; Outfall Sewer, 
« ..•* .,_... . -_^ j^^,^ Woolwich 

J Railway Junc- 

_ ,. I over Bow and 

Baridng RaOway (3 plates); Outfall Sewer. 
Bridge over East London Waterworks' Feeder 
(a plates) ; Outfall Sewer, Reservoir (a plates) ; 
Outfall Sewer, Tumbling Bay and Outlet j Out- 
fall Sewer, Penstocks. South Side.— Outfall 
Sewer, Bennondsey Branch (a plates) ; Outfall 

" The drawings have a constantly increasing value, and whoever desires to possess dear repr»> 
sentations of the two great works carried out by our Metropolitan Board will obtain Mr. Humber's 
volume."— J?M^>M»r. 

HUMBERTS RECORD OF MODERN ENGINEERING. Fourth 
Sbribs. Imp. 4to, with 36 Double Plates, Photographic Portrait of John 
Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci- 
fications, &c., £s 3s. half-morocco. 

List of the Plates and Diagrams. 
Abbey Mills Pumping Station. Main Drain- 
age, Metropolis (4 plates) ; Barrow Docks {< 
pLtes) ; Manquis Viaduct, Santiago and Val- 
paraiso Railway (a plates) ; Adam's Locomo- 
tive, St. Helen's Canal Railway (apUtes); 
Cannon Street Station Roof, Channg Cross 
Railway (3 plates) ; Road Bridge over the River 



and Abernivenny Railway; Ebtm Vkdnct, 
Merthyr, Tredegar, and Abergavenny Rail* 
way ; CoUege Wood Viaduct. Cornwall Rail- 
way ; Dubhn Winter Palace Roof (3 plates) ; 
Bridge over the Thames. L. C. & D. Railway 
(6 pUtes) ; Albert Harbour, Greenock (4 plateafk 



Sewer. Reservoir and Outlet (4 plates) ; Oatfidl 
Sewer. FUth Hoist; Sections of Sewers (North 
and South Sides). 

Thames Embankmbnt.— Section of Rhrev 
Wall I Steamboat Pier, Westndnster (a filates): 
Landmg Stairs between Charing Cross ana 
Waterioo Bridges ; Yoric Gate (a plates) ; Over- 
flow and Outlet at Savoy Street Sewer (3 plates) i 
Steamboat Pier, Waterioo Bridge (3 plates); 
Junction of Sewers, Plans and Sections; 
GuUies, Plans and Sections; Rolling Stock; 
Granite and Iron Forts. 



Mesopotamia ; Viaduct over tile Rhrer Wyou 
Midland Railway (3 {dates) ; St. Germans Vi^ 
duct, ComwaU Raflway (a plates); Wrooghl. 
Iron Cylinder for Diving BeD ; Millwall Docks 
(6 plates) ; Milroy's Patent Excavator ; Metro- 
politan LHstrict Railway (6 plates); " 
Ports, and Breakwaters (3 plates). 



"We gladly welcome another year's issue of this valuable publication from the able pen of 
Mr. Humber. The accuracy and general excellence of this work are well known, white its usefuiU 
n s» in giving the measurements and details of some of the latest examples of engineering, as 
carried out by the most eminent men hi the profession, cannot be too highly prized."-^f«MWM» 



MR. NUMBER'S ENGINEERING BOOKS-^continutd. 
Strains, Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
IN GIRDERS A ND SIMILA RSTR UCTURES, A ND THEIR STRENGTH. 
Consisting of Formulas and Corresponding Diagrams, with numerous details 
for Practical Application, &c. By William Humbbr, A-M.Inst.C.E., &c. 
Fourth Edition. Crown 8vo, nearly loo Woodcuts and 3 Plates, 7s. 6d, cloth. 
" The fonnuUe are neatly expressed, and the diagrams gqod/'—ji therutum, 
" We hearti^ commfwid this really Matttfy book to our MiKiiieer and architect fMd«n.'*—£'V- 

Barlow's Strengthof Materials, enlarged bpHumher 

A TREATISE ON THE STRENGTH OF MATERIALS; 
with Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Pbtbr Barlow, F.R.S. A New Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments bv Hodgkinson, Fairbairn, and Kirkaldy; and 
Formulao tor Calculating Girders, &c. Arranged and Edited by W. Humbbr, 
A-M.Inst.CE. Demy 8to, 400 pp., with 19 large Plates and numerous Wood- 
cuts, 185. cloth. 

*' Valuable alike to the student, tyro, and the experienced practitioner. It will always rank la 
future, as it has hitherto done, as the standard treatise on that particular subject."— ^m;^*^''''. 

" There is no sr^eater authority than Bairlow."—BuiMift£r News. 

" As a scientific work of the first class, it deserves a foremost place on the bookshelves of every 
civil engineer and practical mechanic."— fn^/iiA Mechanic. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geographical and 
Topographical Maps and Plans, Military Reconnaissance, Levelling, &c,, with 
Useful Problems, Formulas, and Tables. Bv Lieut.-General Fromb, R.E. 
Fourth Edition, Revised and partly Re- written by Major General Sir Charlbs 
Warrbn, G.C.M.G., R.B. With 19 Plates and 115 Woodcuts, royal Svo, i6s. 
cloth. 

*'The shnple fiurt diat a fourtii edition has been called for Is the best testimony to Ks merits. 
No words of praise from us can strengthen the position so wdl and so steadily maintained by this 
woric Sir Charles Warren has revised the entire work, and made such additions a« were neces s a r y 
to bring every portion of the contents up to the present ^Mt."— Broad Arrtw, 

Field Fortification. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. By 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Woof' 
wich. Sixth Edition, crown Svo, cloth, with separate Atlas of 12 Plates, 12s. 

Oblique Bridges. 

A PRA CTICAL AND THEORETICAL ESSA Y ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late Gborgb Watson Buck, 
M.I.C.E. Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E. ; 
and with the addition of Description to Diagrams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.C.E. Royal Svo, zss. 
cloth. 

" The standard text-book for all engineers regarding skew arches Is Mr. Buck's treatise, and It 
would be impossible to consult a better?'— EHfineer. 

"Mr. Buck's treatise is recognised as a standard text-book, and Ms treatment has divested the 
subject of many of the intricacies supposed to belong to it. As a guide to the engineer and archi- 
tect, on a confessedly difficult subject. Mr. Buck's work is unsurpassed."— ^MiM^V'-^'*"- 

Water Storage, Conveyance and Utilisation. 

WATER ENGINEERING : A Practical Treatise on the Measure- 
ment, Storage, Conveyance and Utilisation of Water for the Supply of Towns, 
for Nf ill Power, and for other Purposes. By Charles Slagg, Water and 
Drainage Engineer, A.M.Inst.C.E., Author of ** Sanitary Work in the Smaller 
Towns, and in Villages." &c With numerous Illusts. Cr. Svo, ys. 6d. cloth. 
" As a small practical treatise on the water supphr of towns, and on some applications of 
water-power, the work b in many respects excd\ent.'—Bftiitteerift£: 

" The author has collated the results deduced from the experiments of the most eminent 
authorities, and has presented them in a compact and practical form, accompanied by very clear 
and detailed explanations. . . . The application of water as a motive power Is treated very 
carefully and exhaustively."— i^Mti^rr. . , .^ , . 

"For anyone who desires to begin the study of hydraulics with a consideration of the practical 
applications of the Kience there is no better guide."— A rchi^ct. 



statics, Graphic and Analytic. 

GRAPHIC AND ANALYTIC STATICS Jn their Practical Appii. 
cation to the Treatment of Stresses in Roofs, S^lid Girders, Lattice. Bowstring 
and Suspension Bridges, Braced Iron A rches and Piers, and other Frameworks, 
Bt R. Hudson Graham, C.E. Containing Diagrams and Plates to Scale. 
With numerous Examples, many taken from existing Structures. Specially 
arranged for Class-work in Colleges and Universities. Second Edition, Re- 
vised and Enlarged. 8vo, x6s. cloth. 
**Mr. Graham's book will find a place wherererKr^hlc tad analytic statics art nsed or studied." 

"The work is excellent (iroai a practical point of rlew, and has evidently been piepazed with 
much care. The directions for working are ample, and are illustrated by an abundance of wdl- 
sdected examples. It is an excellent text-book for the practical dnxig'bXsxaan."—Athetiaum, 

Student's Text-Book on Surveying. 

PRACTICAL SURVEYING: A Text-Book for Students pre- 

r'ng for Examination or for Survey-work in the Colonies. By Gborgb 
UsiLL, A.M.I.C.E., Author of *'The Statistics of the Water Supply of 
Great Britain." With Four Lithographic Plates and upwards of 330 Illustra- 
tions. Second Edition, Revised. Crown 8vo, ys. 6d. cloth. 
** The best forms of instruments are described as to their coostrucdon, uses and modes of 
employment, and there are innumerable hints on work and equipment such as the author, in his 
experience as surreyor draug'htsmiin and teacher, has found necessary, and which the Student 
in his inexperience will find most serviceable." — Engin^r. 

" The latest treatise in the English langruage on surveyingr, and we have no hesitation in say* 
ing that the student will find it a better g^uide than any of its predecessors .... 
Deserves to be recognised as the first book which should be put in the hands of a pupil of Civil 
Bngineering, and every gentleman of education who sets out for the Colonies would find it well to 
have a copy."^Architea. 

"A very useful, practical handbook on field practice. Clear, accurate and not too con- 
densed."— y<wvM/ 4^ EdttcatioM, 

Survey Practice. 

AID TO SURVEY PRACTICE, for Reference in Surveying, Level* 
ling, and Setting-out ; and in Route Surveys of Travellers by Land and Sea, 
With Tables, Illustrations, and Records. By Lewis D'A. Jackson, 
A.M.I.C.E., Author of <« Hydraulic Manual," *' Modem Metrology," &c. 
Second Edition, Enlarged. Large crown 8vo, lis. 6d. cloth. 
"Mr. Jackson has produced a valuable vaeU-mteum for the surveyor. We can recommend 

this book as containing an admiraUe supplement to the teaching of the accomplished surveyor."— 

AthefututH, 

" As a text-book we should advise all surveyors to place it in thdr libraries, and study well the 

matured instructions afforded in its pages."— Coi/i^ Guardian. 

" The author brings to his work a fortunate imion of theory and practical experience which« 

aided by a clear and lucid style of writing, renders the l)Ook a very useful 00m,"— Buiider, 

Surveying, Land and Marine. 

LAND AND MARINE SC7i?7£7/iSrG, in Reference to the Pre- 
paration of Plans for Roads and Railways ; Canals, Rivers, Towns' Water 
Supplies; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. D. Haskoll, C.E., Author of " Bridge and Viaduct Con- 
struction," &c. Second Edition, Revised, with Additions. Large cr. 8vo, 9s. cL. 
•• This book must prove of ereat value to the student. We have no hesitation In recommend- 
ing it, feeling assured that it wiU more than repay a careful Stady."— Mechanical IForld. 

" A most useful and well arranged book for uie aid of a student. We can strongly recommend 
it as a carefully-written and valuable text-book. It enjoys a wdl-deserved repute among surveyors." 
^Build4nr. 

" This volume cannot fsul to prove of the utmost practical utility. It may be safely recommended 
to all students who aspire to become clean and expert surveyors."— Af*>«^n^ yournaL 

Tunnelling. 

PR A CTICAL TUNNELLING, Explaining in detail the Setting, 
out of the works, Shaft-sinkingand Heading-driving, Ranging the Lines and 
Levelling underground, Sub-£xcavating, Timbering, and the Construction 
of the Brickwork oi Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms, F.G.S., 
M.InstC.E. Third Edition, Revised and Extended by D. Kinnear Clark, 
M.Inst. C.E. Imperial 8vo, with 21 Folding Plates and numerous Wood 
Engravings, 30$. cloth. 
" The estimation in which Mr. Slmms's book on tunnelling has been hdd for over tMrty years 
caimot be more truly expressed than in the words of the late Prof. Rankine : — ' The best source of in- 
formation on the subject of tunnels is Mr.F.W.Simms'swoik on Practical Tvam<tX&az>"*— Architect. 
" It has been reearded from the first as a text book of the subject. . . . Mr. Clarke has added 
immensely to the value of the book."— j?y^ne»r. 



CIVIL ENGINEERING, SURVEYING, etc, ii 

Levelling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 
LEVELLING, Showing its Application to purposes of Railway and Civil 
Engineering, in the Construction of Roads: with Mr. Telford's Rules for the 
same. By Frederick W. Sim ms, F.G.S., M.Inst.C.E. Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railway Curves, and 
Trautwine's Field Practice of Laymg-out Circular Curves. With 7 Plates 
and numerous Woodcute, 8vo, Ss, 64. doth. \* Trau twins on Carves 
may be had separate, 5s. 

" The text-book on leT^Un^ In most of our engfneeiinif schools and coUogw.''—SMgrineer. 
" The publishers hare rendered a substantial service to the profesdon. especiaUy to the younger 
members, by bringingr out the present edition of Mr. Simms's uselul woxk,"~-£ngiHeeri*i£r' 

Seat, Expansion hy. 

EXPANSION OF STRUCTURES BY HEAT, By John 
Keily, C.E., late of the Indian Public Works and Victorian Railway Depart- 
ments. Crown 8vo, 35. 6d. cloth. 

Summary of Contents. 



Section I. Formulas and Data. 
Section II. Metal Bars. 
Section III. Simple Frames. 
Section IV. Complex Frames and 

Plates. 
Section V. Thermal Conductivity. 



Section VI. Mechanical Forcb of 

Heat. 
Section VII. Work of Expansion 

AND Contraction. 
Section VIII. Suspension Bridges. 
Section IX. Masonry Structures. 



" The aim the author has set before him, viz., to show the effects of heat upon metallic and 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or archi- 
tect can find but little reliable and comprehensive data in books."— ^M^«r. 

" Whoever is concerned to know the effect of changes of temperature on such structures as 
suspension bridges and the like, could not do better than consult Mr. Keily't valuable and handy 
expoStion of the geometrical prindides involved in these changes."— S<»<ri»aM. 

Practical Mathematics. 

MATHEMATICS FOR PRACTICAL MEN: Being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly for the use 



sed by J 
With 13 Plates, 8vo, £1 is. cloth.' 
" The en^neer or architect will here find rea^ to his hand rules for sohrftig nearly every mathe- 
matical difficulty that may arise in his practice 'Hie rules are in all cases explained by means of 
examples, in which every step of the.process is clearly worked out."— Bui/der. 

" One of the most serviceable books for practical mechanics. . . It is an instructive book for 
the student, and a text-book for hun who. having once mastered the subjects it treats of, needs 
occasionaUy to refiredi his memory upon thtm,''—BuiUliH£r Nn/s, 

Hydraulic Tables. 

HYDRAULIC TABLES, CO -EFFICIENTS, and FORMULM 
for finding the Discharge of Water from Orifices, Notches, Weirs, PiP^, ««<* 
Rivers. With New Formulao, Tables, and Gi«neral Information on Rainfall. 
Catchment- Basins, Drainage, Sewerage. Water Supply for Towns and Mill, 
Power. Bv John Neville, Civil Engmeer, M.R.I.A. Third Ed., carefully 
Revised, with considerable Additions. Numerous Illusts. Cr. 8vo, 145. cloth. 
" Alike valuaUe to students and engineers in practice ; its study will prevent the annosrance of 
avoidable failures, and assist them to select the readiest means of successfully carrying out any 
given work connected with hydraulic engineering." — MHtinsr yountal. 

" It is, of all En£^ish books on the subject, the one nearest to completeness. . . . From the 
good arrangement of the matter, the dear explanations, and abundance of formulae, the careAiIly 
calculated tables, and, above all, the thorough acquaintance with both theory and constructioai 
which is displayed from first to last, the book will be found to be an acquisitloa/'— ^rvMtet 

Hydraulics. 

HYDRA ULIC MANUAL, Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lowis D'A. Jackson, Author of •' Aid to Survey Practice," 
" Modem Metrology,'* &c. Fourth Edition, Enlarged. Large cr. 8vo, i6s. cl. 
" The author has had a wide experience in hydraulic engineering and has been a careful ob- 
server of the facts which have come under his notice, and from the great mass of material at his 
command he has constructed a manual which may be accepted as a trustworthy guide to this 
branch of the engineer's profession. We can heartily recommend this volume to all who desire to 
be acquainted with the latest develooment of this important svib}ect."—Engineeritt£^. 
"The standard- work in this department of mechnnics.' —Scotsman. 

" The most useful feature of this work is its freedom from what is superannuated, and Its 
thorot^h adoptk>n of recent experiments; the text ia^ in fkct, in great part a short account of the 
great modem tx^vAsaeaXM,'^— Nature, 



Drainage. 

ON THE DRAINAGE OF LANDS, TOWNS AND BUILD^ 
INGS. By G. D. Dempsey, C.E., Author of *• The Practical Railway En- 
gineer," &c. Revised, with large Additions on Recent Practice in 
Drainage Engineering, by D. Kinnear Clark, M.InstC.E. Author of 
••Tramways : Their Construction and Working," " A Manual of Rules, Tables, 
and Data for Mechanical Engineers," &c. &c. Crown 8vo, ys. 6d. cloth. 
" The new matter added to Mr. Dempsey's excdient work is characterised by the comprehen- 
sive grasp and accuracy of detail for which the name of Mr. D. K. Clark is a sufficient Toucher." — 
AtMtftaum. 

" As a work on recent practice In drainage engineering, the book Is to be commended to all 
who are making that branch of engineering science their special study."— /row. 

" A compr^ensiTe manual on drainage engineering, and a useful introduction to the student." 
Building News. 

Trarnways and their Working. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 
Embracing a Comprehensive History of the System; with an exhaustive 
Analysis of the various Modes of Traction, including Horse-Power, Stesun, 
Heated Water, and Compressed Air ; a Description of the Varieties of Rolling 
Stock: and ample Details of Cost and Working Expenses: the Progress 
recently made in Tramway Construction, &c. &c. By D. Kinnear Clark« 
M.Inst.C.E. With over 200 Wood Engravings, and 13 Folding Plates. Two 
Vols., large crown 8vo, 30s. cloth. 
" AU interested in tramways must refer to it, as all railway engineers hare turned to the author's 

work • Railway Machineiy.'"— £ff^'M«rr. 

" An exhaustiTe and practical work on tramways, in which the history of this kind of locom» 

tion, and a description and cost of the various modes of laying tramways, are to be found."— 

Building News. 

" The best form of rails, the best mode of construction, and the best mechaidcal appliances 

are so fairly indicated in the work under review, that any engineer about to construct a tramway 

will be enabled at once to obtain the practical information which will be of most service to him."— 

AtheHouttu 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OP 
OBLIQUE ARCHES. By John Hart. Third Edition, with Plates. Im- 
perial Bvo, 85. cloth. 

Curves, Tables for Setting-out. 

TABLES OP TANGENTIAL ANGLES AND MULTIPLES 
for Setting-out Curves from 5 to aoo Radius. By Alexander Beazeley, 
M.InstC.E, Third Edition. Printed on 48 Cards, and sold in a doth box, 
waistcoat-pocket size, 3s. 6d. 
" Each table is printed on a small card, which, being placed on the dieodoHte, leaves the hands 

free to manipulate tne instrument — no small advantage as regards the rapidity o{rroik,"~-Efi£iHeer. 
" Veiy handy ; a man may know that all his day's work must fall on two of these cards, which 

he puts into his own card-case, and leaves the rest bctiisid,"—At/ut$aum. 

Earthwork. 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings. &c., of Heights or Depths up to an average 
of 80 feet. By Joseph Broadbent, C.E., and Francis Campin, C.E. Crown 
Bvo, 55. cloth. 

" The way in which accuracy is attained, by a simple division oi each cross section into three 
elements, two in which are constant and one variable, is ingenious." — Athtnauftt. 

Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS: A 
Practical and Theoretical Essay. By T. H. Watson Buck, M.InstC.E., 
Resident Engineer, London and North-western Railway. Illustrated with 
Folding Plates, royal 8vo, 125. cloth. 

" Many of the methods given are of extreme practical value to tiie mason ; and the observations 

on the form of arch, the rules for ordering the stone, and the construction of the templates will be 

found of considerable use. We commend the book to the engineering profession."— Building News, 

"Will be regarded by civil eneineers as of the utmost value, and calculated to save much time 

and obviate many mistakes."— Ctf/Jir^y Guardian. 

Girders, Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTA^ 
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 
GIRDERS, etc., for Parliamentary and other Estimates. By J. H. Watsoii 
Buck, M.InstCE. On a Sheet, 2s.6</. 
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River Engineering. 

RIVER BARS: The Causes of their Formation, and their Treat- 
ment by " Induced Tidal Scour; " with a Description of the Successful Re- 
duction bv this Method of the Bar at Publin. By I. J. Mann, Assist. Eng. 
to the Dublin Port and Docks Board. Royal 8vo, ys. 6d. cloth. 
" We recommend all interested in harbour works— and. indeed, those concerned in the im> 

provements of riven generally— to read Mr. Mann's interesting work on the treatment of river 

oars."— vE«5fi>i«r. 

!Frus8e8 

TRUSSES OF WOOD AND IRON. Practical Applications of 
Science in Determining the Stresses, Breaking Weights, Safe Loads^cantlings, 
and Details of Construction^ with Complete Working Drawings. By William 
Griffiths, Surveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 45. 6d. cloth. 
*' This handy little book enters so minutdy Into every detail connected with the construction of 

roof trusses, that no student need be ignorant of these mmXXess,"— Practical Engineer, 

Railway Working. 

SAFE RAILWAY WORKING. A Treatise on Railway Acci- 
dents: Their Cause and Prevention; with a Description of Modem Appliances 
and Systems. By Clement £. Strbtton. C.E., Vice-President and Con- 
sulting Engineer, Amalgamated Society ot Railway Servants. With Illus- 
trations and Coloured Plates. Second Edition, Enlarged. Crown 8vo, 3s. 6d. 
cloth. [Just published. 

" A book for the engineer, the directors, the managers ; and, in short, all who wish for informa- 
tion on railway matters will find a perfect encyclopsedia in ' Saie Railway Working.' "^'Railway 
Review. 

" We commend the remarks on railway signalling to all railway managers, especially where a 
uniform code and practice is advocated."— /^*r«/<i/A'f Railway youmal. 

" The author may be congratulated on having collected, in a very convenient form, much 
valuable information on the prmcipal questions affecting the safe working of railways."— ,^a»/> 
way En£iM€€r. 

Field-BooJc for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON- 
TRA CTOR *S FIELD-BOOK. Consisting of a Series of Tables, with Rules. 
Explanations of Systems, and use of Theodolite for Traverse Surveying ana 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner ; setting-out 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off- 
sets : and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
deptn. By W. Davis Haskoll, C.E. With numerous Woodcuts. Fourth 
Edition, Enlarged. Crown 8vo, its. cloth. 

"The book is very handy; the separate tables of sines and tangents to every minute wQl make 

it useful for many other puruoses. the genuine traverse tables existing all the aaxEk^"—AthenetHm. 

**'Evtr9 person engaged in engineering field operations will estuuate the Importance of such a 

work and ue amount of valuable time which will be saved by reference to a set of reliable tables 

prepared with the accuracy and fulness of those given in this volume."— ^atf«M(y News. 

Earthworhf Measurement of, 

A MANUAL ON EARTHWORK, By Albx. J. S. Graham, 
C.E. With numerous Diagrams. Second Edition. i8mo, 25. 6d. cloth. 
"A great amount of practical information, very admirably arranged, and available for rough 

•stimates, as well as for the more exact calculations required in the engineer's and contractor's 

offices."— ^rMMM. 

Strains in Iron/uuorh. 

THE STRAINS ON STRUCTURES OF IRONWORK; with 
Practical Remarks on Iron Construction. By F. W. Shbilds, M.Inst.C.B. 
Second Edition, with 5 Plates. Royal 8vo, 5s. cloth. 
"The student cannot find a better little book on this subject."— i?»^»«M% 

Cast Iron and other Metals, Strength of. 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS. By Thomas Trbdgold, C.E. Fifth 
Edition, iQcloding Hodounsom's Experimental Researches. 8vo, its. cloth. 
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Construction. 

THE SCIENCE OF BUILDING : Afi Elementary Treatise on 
the Principles of Construction. By £. Wyndham Tarn, M.A., Architect. 
Third Edition, Enlarged, with 59 Engravings. Fcap. 8vo, 45. cloth. 
" A Tery valuable book, which we strongly recommend to all staaeats.''^Suilder, 



Villa Architecture. 

A HANDY BOOK OP VILLA ARCHITECTURE : Being a 
Series of Designs for Villa Residences in various Styles. With Outline 
Specifications and Estimates. By C. Wickes, Author of "The Spires and 
Towers of England," &c. 6i Plates, 4to, £1 us, 6d. half-morocco, gilt edges. 
" The whole of the designs bear evidence of their belnsf the work of an artistic architect, and 
Ifaey win prove very valuable and suggestive."— f»t/tf^>i^ JVews, 

Text-Book for Architects. 

THE ARCHITECT'S GUIDE: Being a Text-Book of Useful 
Information for ArchitectSt Engineers, Surveyors, Contractors, Clerks of 
Works, &c. &c. By Frederick Rogers, Architect, Author of " Specifica- 
tions for Practical Architecture," &c. Second Edition, Revised and Enlarged. 
With numerous Illustrations. Crown 8vo, 6s. cloth. 

" As a text-book of useful information for architects, eiufineers, surveyors^ &c, It wo\iId be 
bard to find a handier or more complete little volume." — Standard, 

"A young architect could hardly have a better guide-book."— TV^M^^r Trades yournoL 

Ta/ulor and Cresy's Rome. 

THE ARCHFTECTURAL ANTIQUITIES OF ROME. By 



the late G. L. Taylor, Esq., F.R.I.B.A., and Edward Cresy, Esq. New 
Edition, thoroiighly Revised by the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Fellow of Queen's College, Oxford, and Chap- 



lain of Gray's Inn. Large folio, with 130 Plates, half-bound, £3 3s. 
" Taylor and Cresy's work has from its first publication been ranked amoi^ tnose professional 
books which cannot be bettered. ... It would be difficult to find examples of drawings, even 
among those of the most painstaking students of Gothic, more thoroughly worked out than are the 
one hundred and thirty plates in this vol\xm&."^Architec(, 

Linear Perspective, 

ARCHITECTURAL PERSPECTIVE : The whole Course and 
Operations of the Draughtsman in Drawing a Large House in Linear Per- 
spective. Illustrated by 39 Folding Plates. By F. O. Ferguson. Demy 
8vo, 3s. 6d. boards. [j^««* published. 

Architectural Drawing. 

PRACTICAL RULES ON DRA WING, for the Operative Builder 
and Young Student in Architecture. By George Pyne. With 14 Plates, 4to, 
ys, 6d. boards. 

Sir JFm. Chambers on Civil Architecture. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE,^ 
By Sir William Chambers, F.R.S. With Portrait, Illustrations. Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Revised 
and Edited by W. H. Leeds, with a Memoir of the Author. 66 Plates, 4to, 
2is. cloth. 

House Building and Repairing, 

THE HOUSE-OWNER'S ESTIMATOR ; or, What will it Cost 
to Build, Alter, or Repair? A Price Book adapted fo the Use of Unpro- 
fessional People, as well as for the Architectural Surveyor and Builder. By 
James D. Simon, A.R.I.B.A. Edited and Revised by Francis T. W. Miller, 
A.R.I.B.A. With numerous Illustrations. Fourth Edition, Revised. Crown 
8vo, 3s. 6d. cloth. 
" In two years it wiU repay its cost a hundred times over."— Field, 

Cottages and Villas. 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS: 
How to Plan and Build Them. Containing 33 Plates, with Introduction, 
General Explanations, and Description of each Plate. By Jambs W. Bogus, 
Architect, Author of " Domestic Architecture," &c. 4to, zos. 6d. cloth. 



The Netv Builder's Price Book, 1891. 

LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1891. A 
Comprehensive Handbook of the Latest Prices and Data for Builders. 
Architects, Engineers and Contractors. Re-constructed, Re-'written and 
Greatly Enlarged. By Francis T. W. Millbr, 640 closely-printed pages, 
crown 8vo, 4s. cloth. J/<"* published. 

" This book is a very useful one, and should find a place in every English office connected with 
the buQding_and engineering profes^ons."— /n<^Mr/r>^f. 



"This Price Book hasbeen set up in new t3rpe. . . . Advantage has been taken of the 
transformation to add much additional information, and the volume is now an excellent book of 
reference. "—A rchUect. 

" In its new and revised form this Price Book Is what a work of this k<nd should be— compre. 
henshre, reliable, well arranged, les^e and well bound."— ^ffri/^rA Archittct, 

" A work of establishedreputation."— ^/A«M<ru7/<. 

" This very useful handbook is well written, exceedingly dear in its explanations and great 
care has evidently been taken to ensure accuracy."— Afw ning^ Advertiser 

JDesigning, Meamrinff, and VaUuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
IN G AND VALUING ARTIFICERS* WORKS. Containing Directions for 
taking Dimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Constants for Valuation of Labour, and for the Calcula- 
tion of Areas and Solidities, Originally edited by Edward Dobsom, Architect. 
With Additions on Mensuration and Construction, and a New Chapter on 
Dilapidations, Repairs, and Contracts, by B. Wyndham Tarn. M.A. Sixth 
Edition, including a Complete Form of a Bill of Quantities. With 8 Plates and 
63 Woodcuts. Crown 8vo, 7s. 6d. cloth. 

** Wen fulfils the promise of its title-page, and we can thoroughly recommend it to the class 
for whose use it has been compiled. Mr. Tarn's additions and revisions have much increased the 
usefulness of the work, and have especially augmented its value to students."— ^M^n^tfW^. 

" This edition will be found the most complete treatise on the principles of measunng and 
valuing artificers' work that has yet been puhUshmd.''~-Buiidttvr News. 

Pocket Estimator and Technical Guide. 

THE POCKET TECHNICAL GUIDE, MEASURER AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS. Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, Complete 
Specifications for Houses, Roaas, and Drains, and an easy Method of Estimat- 
ing the parts of a Building collectively. By A. C. Beaton, Author of 
" Quantities and Measurements," &c. Fifth Edition. With 53 Woodcuts, 
waistcoat-pocket size, is. 6d. gilt edges. 

•• No builder, architect, surveyor, or valuer should b« without his ' Beaton." —SuiJdin£' News. 
"Contains an extraordinary amount of information in daily requisition In measurmg and 
estimating. Its presence in the pocket wUl save valuable time and trouble."— ^M(M»'n^ JVorJd. 

Donaldson on Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En- 

S'neers. By Professor T. L. Donaldson, P.R.I.B.A., &c. New Edition, in 
ne large vol., 8vo, with upwards of z,ooo pages of Text, and 33 Plates, 

£z IIS. 6d. cloth. 

"In this work forty-four specifications of executed works are given. Including the specifica* 
tlons for parts of the new Houses of Parliament, by Sir Charles Barry, and for the new Royal 
Exchange, by Mr. Tite, M.P. The latter, in parucular, is a very complete and remarkable 
document. It embodies, to a great extent, as Mr. Donaldson mentions, 'the bill of quantities 
with the description of the works.' ... It Is valuable as a record, and m<ve valuable still as a 
t>ook of precedents. . . . Suffice it to say that Donaldson's 'Handbook of Specifications' 
must be bought by all architects."— ^MiA&r. 

Bartholomew and Bogers' Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Survejror, and Builder. With an Essay 

on the Structure and Science of Modem Buildings. Upon the Basis of the 

Work by Alfred Bartholoubw, thoroughly Revised, Corrected, and greatlv 

added to by Frbdbrick Rogers, Architect. Second Edition, Revised, with 

Additions. With numerous Illustrations, medium 8vb, 15s. cloth. 

** The collection of specifications prepared by Mr. Rogers on the basis of Bartholomew's work 

b too weD known to need any recommendation from us. It is one of the books with which every 

young architect must be equipped ; for time has shown that the specifications cannot be set aside 

through any defect in them."— ^rcA*!<S«e^ 
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Building ; Civil and EcclesicLstical. 

A BOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration ; with the Theory of Domes and the Great Pyramid, &c. 
By Sir Edmund Beckett, Bart., LL.D., F.R.A.S., Author of "Clocks and 
Watches, and Bells," &c. Second Edition, Enlarged. Fcap. 8vo, 5s. cloth. 
" A book which is idways amusing and nearly always tnstrucciTe. TIm style throu^out is in 
the highest degree condensed and epigrammatic."— TYm^x. 

Ventilation of Buildings, 

VENTILATION. A Text Booh to the Practice of the Art oj 
Ventilating Buildiners. With a Chai)ter upon Air Testing. By W. P.Buchan, 
R.P., Sanitary and Ventilating Engineer, Author of " Plumbing," &c. With 
170 Illustrations. lamo, 45. cloth boards. [J^M^^ published. 

The Art of Plumbing. 

PLUMBING. A Text Book to the Practice of the Art or Craft of 
the Plumber, with Supplementary Chapters on House Drainage, embodying the 
latest Improvements. By William Paton Buchan, R.P., Sanitary Engineer 
and Practical Plumber. Fifth Edition, Enlarged to 370 pages, and 380 
Illustrations. lamo, 4s. cloth boards. 
" A text book which may be safely put in the ha 

also be found useful by architects and medical professors."— ^wlvaifr. 
"A valuable text Dook. and the only r 

of the plumber's art.'— Bui/ding' News. 

Geometry for the Architect, Engineer, etc, 

PRACTICAL GEOMETRY, for the ArchiUct, Engineer and 
Mechanic. Giving Rules for the Delineation and Application of various 
Geometrical Lines, Figures and Curves. By E. W. Tarn, M.A., Architect, 
Author of "The Science of Building," &c. Second Edition. With 172 Illus- 
trations, demy Svo, 95. cloth. 

" No book with the same objects in view has erer been published in which the clearness of tho 
miss laid down and the illustrative diagrams have been so satisfactory."— 5c0/^m<tn. 

The Science of Geometry. 

THE GEOMETRY OF COMPASSES; or. Problems Resolved 
by the mere Description of Circles, and the use of Coloured Diagrams and 
Symbols, By Oliver Byrne. Coloured Plates. Crown Svo, 35. 6d. cloth. 
" The treatise is a good one, and remarkable— like all Mr. Byrne's contributions to the scienc« 
of geometiy— for the lucid character of its teaching."— ^Mt/</tn^ News. 



" A text book which may be safely put in the hands of every young plumbw, and which will 

be found useful by architects and medical professors."— ^wiA/^r. 

" A valuable text Dook, and the only treatise which can be rtgarded as a really reliable manual 



DECO RATIVE ART S, etc. 

Woods and Marbles (Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 
AND MARBLES, as Taught and Practised by A. R. Van der Burg and P. 
Van der Burg, Directors of the Rotterdam Painting Institution. Royal folio, 
i8i by i2i in.. Illustrated with 24 full-size Coloured Plates; also 12 plain 
Plates, comprising 154 Figures. Second and Cheaper Edition. Price £i lis, 6d. 
List of Plates. 
I, Vari&ua Tools required for "Wood Pisnting 

■^-a, Jh Walnut: PrtLLiitlnairy Stages of IJit^Lning 

uvd Flniiihsd f^pccimcn — 4- ^ ooli; \iAtpi for 



Mutate PauitJnc And McThodof MaiiipLiCjxtion— 
G, br 5t, R«^ii Alarble; Earlier OpefiiLLiim and 



InUhed: SpectohCTi— 7. Methods of ^Icietthing 
dUr«ffrut Gra,iin5, Knots, itc.— 9, ^. AsJi: Pre- 
Ikra^naiv Stages and Fmtshed Speclcncn — 10. 
MethiKU of ^keEchtnjT Marble Unins^ii, la. 
DfVCh* MJirbJe ; Pjetimiiiacy Stii£^% of WltL- lag 
MbA Finished Specimen — ij. M[i[:i]je r M<r; KU 
of Froductnu^ thedilfcrcntCirains— 14, rj. l:i=' I's- 
mf9 Mtkple: PrelimiLiary Stmras jimi Finiiued 
Specimen— [5, Methods of SketubLhBr the liif- 
frmnt SpecWs of White Mjirblc^ rJ, iB. White 



Fi n i^hrd SjatdrntTl— 15, MATlogan:^. _,_ , 

of various trraLns aD<1 mv^thoda at MlnitiiilatiQii 
— ficL 9^1 V MaJ]i2^nj: EaHver STELg^s Euid riiusbcd 
Speciraan — 23^ a^, 34. Sienna MarbJei VarictiEs 
of Gr^iD. I'rdUTiLnary Stag^ Hnd FiDuhed 



Strftclrricn — agi afij 37. juniper Wood: Methods 
of itrndurtDK (jmmt &c.7 Prcliminjuy ^tag^ 
ano FEnhhcu Spc-omon — 9% aq, ys. Vert da 



lAvr MarLlc: V&Hctics nf Griain and MethodK 
of ^^ Urkin^ UnAnished and Finished Speci* 
m< —2.T. 3a. 31. 0[ik: Varierjesof C>rain, Ttjofa 
El l-^ycH, nFid Mtthcids of !M njiJpuUltbon, Prc' 
lin..:i^ry IsilRgcs ajid Finished Si'^ecJiacti-^g^f, x^ 
96, Waulwrt Maibte: VoiwtLK <ot >Gfaiq, Ub- 
filUshed and FinksbrOd SpQc^weiU. 



Opinions of the Press. 



" Those who desire to attain skill in the art of painting woods and marbles wIU find advantage 
In consulting this book. . . . Some of the Workmg Men's Qubs should give tbeir young men 
the opportimity to study it."— BuiMer. ^ 

" A c<MnprehensiTe guide to the art The explanations of the processes, the manipuIati<Mi and 
' "" colours, and the beautifully executed pdates irill not be the least valuable to th« 
making his work a faithful transcript of nature."— ^maA/^m'^ Aews, 



management 
ttudent who aims 



House Decoration. 

ELEMENTARY DECORATION, A Guide to the Simpler 
Forms of Everyday Art, as applied to the Interior and Exterior Decoration of 
Dwelling Houses, &c. By Jambs W. Facey, Jun. With 68 Cuts. i2mo, v. 
cloth limp. 

PRACTICAL HOUSE DECORATION : A Guide to the Art of 
Ornamental Painting, the Arrangement of Colours in Apartments, and the 
principles of Decorative Design. With some Remarks upon the Nature and 
Properties of Pigments. By James William Facey, Author of " Elementary 
Decoration," &c. With numerous Illustrations. lamo, 2S. 6d. cloth limp. 
N.B.^The above Two Works together in One Vol,t strongly half-bound, s«. 

Colour. 

A GRAMMAR OF COLOURING. Applied to Decorative 
Painting and the Arts. By George Field. New Edition, Revised, Enlarged, 
and adapted to the use ot the Ornamental Painter and Designer. By Ellis 
A. Davidson. With New Coloured Diagrams and Engravings, zamo, 3s. 64. 
cloth boards. 
"The book is a most useful resume of the properties of pigments,"— Builder, 

House Painting, Graining, etc. 

HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
WRITING, A Practical Manual of. By Ellis A. Davidson, Sixth Edition. 
With Coloured Plates and Wood Engravings. lamo, 6s. clolh boards. 
" A mass of information, of use to the amateur and of value to the practical masL"—Sng-Ush 
Mechanic. 

" Simply invaluable to the younester entering; upon this particular calling, and highly service- 
able to the man who is practising it. — Furniture Gazette. 

Decorators, Receipts for. 

THE DECORATOR'S ASSISTANT: A Modern Guide to De- 
corative Artists and Amateurs, Painters, Writers, Gilders, &c. Containing 
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa- 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. Fourth Edition, Revised. 152 pp., crown 8vo, 15. in wrapper. 
•• Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist of 

larger treatises on colour and technical processes. It would be difficult to meet with a work so full 

of varied information on the painter'san."— Bui/ding' News. 

" We recommend the work to all who, whether for pleasure or profit, require a giiide to decora* 

tion."—Piumder and Decorator. 

Moyr Smith on Interior Decoration. 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN, 
By J. MoYR Smith. Super-royal 8vo, with 32 full-page Plates and numerous 
smellier Illustrations, handsomely bound in cloth, gilt top, price 185. 
" The book is well illustrated and handsomely srot up, and contains some true criticism and a 
good many good examples of decorative treatment."— TAe Builder. 

" This is the most elaborate and beautiful work on the artistic decoration of interiors that we 
have seen. . . . The scrolls, panels and other designs from the author's own pen are very 
beautiful and chaste ; but he takes care that the designs of other men shall figure even more than 
his owra.."— 'Liverpool Albion. 

" To all who take an interest in elaborate domestic ornament this handsome volume will be 
\t."— Graphic. 



British and Foreign Marbles. 

MARBLE DECORATION and the Terminology of British and 

Foreign Marbles, A Handbook for Students. By George H. Blagrove. 

Author of " Shoring and its Application," &c. With 28 Illustrations. Crown 

&vo, 3s. 6d. cloth. 

" This most useful and much wanted handbook should be in the hands of every architect and 
h\xnder."—Buildin£r iTorld. 

" It is an excellent manual for students, and interesting to artistic readers generally ."—5a/Mnfa^ 
Review. 

" A carefully and usefully written treatise ; the work is essentially pnciical."—Scotsman. 

Marble Working, etc. 

MARBLE AND MARBLE WORKERS: A Handbook for 
Architects, Artists, Masons and Students. By Arthur Lee, Author of ** A 
Visit to Carrara," **The Working of Marble," Sec. Small crown 8vo, 2s. cloth. 
" A really valuable addition to the technical literature of archi ects and masota."—BMildift£ 
News. 



DELAMOTTE'8 WORKS ON ILLUMINATIOH AND ALPHABETS. 



A PRIMER OP THE ART OP ILLUMINATION, for the Use of 
Beginners : with a Rudimentary Treatise on the Art, Practical Directions for 
its exercise, and Examples taken from Illuminated MSS., printed in Gold and 
Colours. By F. Dblam ottk. New and Cheaper Edition. Small 4to, 6s. oma* 
mental boards. 
"The examples of andent MSS. recommended to the student; which, with much good sense; 

the author chooses from coQections access ib le to all, are sele ct ed with {udement and knowledgre, 

as well as tasto."—At/unaum. 

ORNAMENTAL ALPHABETS, Ancient and Mediaval, from the 
Eighth Century, with Numerals; including Gothic. Church-Text, large and 
small, German, Italian, Arabesque, Initials for Illumination, Monograms, 
Crosses, &c. &c., for the use of Architectural and Ene;ineering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c. &c. Collected and Engraved by F.Delamotte, and printed in 
Colours. New and Cheaper Edition. Royal 8vo, oblong, 2S. 6d. ornamental 
boards. 
" For those who Insert enamelled sentences round gilded chaHces, who blazon shop legends over 

shop^loors, who letter church walls with pithy sentences from the Decalogue, this book wiU be use> 

EXAMPLES OP MODERN ALPHABETS, Plain and Ornamental; 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, En^ossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c. 
Collected and Engraved by F. Delamotte, and printed in Colours. New 
and Cheaper Edition. Royal 8vo, oblong, 25. 6d. ornamental boards. 
"There is comprised in it ev-ry possible shape into which the letters of the alphabet and 

numerals can be formed, and the talent which has been expended in the conception of the various 

plain and ornamental letters is 'wondeT{vl."^Standard, 

MEDIMVAL ALPHABETS AND INITIALS POR ILLUMI- 
NA TORS. B^ F. G. Delamotte. Containing ai Plates and Illuminated 
Title, printed in Gold and Colours. With an Introduction by T. Willis 
Brooks. Fourth and Cheaper Edition. Small 4to, 45. ornamental boards. 
" A Tolume in which the letters of the alphabet come forth glorified in gilding andaU the colours 

•of the prism interwoven and intertwined and intermingled."— sSm». 

THE EMBROIDERER'S BOOK OF DESIGN, Containing 
Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 
Devices, Mediaeval and Modern Alphabets, and National Emblems. Col- 
lected by F. Delamotte, and printed in Colours. Oblong royal 8vo, is. 6d. 
ornamental wrapper. 
"The book will be of great assistance to ladies and young chfldren who are endowed with the 

art of plying the needle in this most ornamental and useful pretty vot\L,"—East Anglian Times. 



Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, for AmaUurs : with 
Hints on Design. By A Lady. With Ten Plates. New and Cheaper Edition. 
Crown 8vo, 25. in emblematic wrapper. 

" The handicraft of the wood-carver, so well as a book can impart It, may be learnt from ' A 
Lady's' publication."— -<4/A*«<?«m. 

" The directions given are plain and easily understood."— ^M^/tlrA Mechanic, 

Glass Painting. 

GLASS STAINING AND THE ART OP PAINTING ON 
GLASS. From the German of Dr. Gessert and Emanuel Otto Fromberg. 
With an Appendix on The Art of Enamellinq. zamo, 2S. 6d. cloth limp. 

Letter Painting. 

THE ART OF LETTER PAINTING MADE EASY. By 
James Greig Badenoch. With 12 full-page Engravings of Examples, is, 6d, 
cloth limp. 

" The system is a simple one. but quite original, and well worth the caraAil attention (tf letter 
painters. It can be easily mastered and remembered."— £m»£i/A^ Airwf . 
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CARP ENTRY, TIMBER , etc. 

Tredgold'8 Carpentry, Revised db Enlarged by Tarn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 
A Treatise on the Pressure and Equilibrium of Timber Framing, the Resist- 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs, 
Uniting Iron and Stone with Timber, &c To which is added an Essay 
on the Nature and Properties oi Timber, &c., with Descriptions of the kinds 
of Wood used in Building ; also numerous Tables of the Scantlings of Tim- 
ber for different purposes, the Specific Gravities of Materials, &c. By Thomas 
Tredoold, C.E. With an Appendix of Specimens of Various Roots of Iron 
and Stone, Illustrated. Seventh Edition, thoroughly revised and considerably 
enlarged by E. Wyndham Tarn, M.A., Author of "The Science of Build- 
ing," &c. With 61 Plates, Portrait of the Author, and several Woodcuts. In 
one large vol., 4to, price £1 5s. cloth. 

"Ought to be in every architect's and every builder's Itbraxy."— Builder. 
" A worlc whose monumental excellence must commend it wherever skilful carpentry Is con- 

oemed. The author's principles are rather confirmed than impaired by time. The additional 

plates are of sfreat intrinsic yihxe.''—Buildin£r News, 

Woodworking Machinery. 

WOODWORKING MACHINERY : Its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and the Economi- 
cal Conversion of Timber. Illustratediwith Examples oi Recent Designs by 
leading English, French, and American Engineers. By M. Powis Bale, 
A.M.In8t.C.E., M.I.M.E. Large crown 8vo, 12*. 6d, cloth. 
" Mr. Bale is evidently an expert on the subject and he has collected so much Information tiiat 

his book is all-sufficient for builders and others engaged in the conversion of \ixaher."—A'tvhitect. 
"The most comprehensive compendium of wood- working machinery we have se&u The 

author is a thorough master of his SMh]^^"—Suiidintr Neius. 

" The appearance of this book at the present time will, we should think, give a considerable 

Impetus to the onward march of the machinist engaged In the designing and manufacture of 

wood-working machines. It should be in the office of every wood-working fBLCXoxy."--Ett£lish 

Mechanic, 

Saw Mills. 

SA W MILLS : Their Arrangement and Management, and the 
Economical Conversion of Timber. (A Companion Volume to " Wood work- 
ing Machinery.") By M. Powis Balb. With numerous Illustrations. Crown 
8vo, xos. 6d. cloth. 

" The adftttnistratioH of a large sawing establishment is discussed, and the subfect examined 
from a financial standpoint. We could not desire a more complete or practical treatise."— SMt/o!^. 
" We highly recommend Mr. Bale's work to the attention and perusal of all those who are en- 
gaged in the art of wood conversion, or who are about building or remodelling saw-mills on im- 
proved principles."— ^Mi^>>^ News, 

Carpentering. 

THE CARPENTER'S NEW GUIDE ; or, Book of Lines for Car- 
penters : comprising all the Elementary Principles essential for acquiring a 
knowledge of Carpentry. Founded on the late Peter Nicholson's Standard 
Work. A New Edition, Revised by Arthur Ashpitel, F.S.A. Together 
with Practical Rules on Drawing, by George Pynb. With 74 Plates, 
4to, £1 IS. cloth. 

Handrailing and Stairhuilding. 

A PRACTICAL TREATISE ON HANDRAILING : Showing 
New and Simple Methods for Finding the Pitch of the Plank, Drawing the 
Moulds, Bevelling, Jointing*up, and Squaring the Wreath. By George 
CoLLiNGS. Second Edition, Revised and Enlarged, to which is added A 
Treatise on Stairbuilding. With Plates and Diagrams, izmo, as. 6d, 
cloth limp. 

" Win be found of practical utility in the execution of this difficult branch of jomery. "—Builaer. 

" Almost every difficult phase of this somewhat intricate branch of joinery is elucidated by the 
aid of plates and explanatory letterpress."— /^»r»tKwr« Gaxette, 

Circular Work. 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 
Practical Treatise on Circular Work of Single and Double Curvature. By 
George Collimgs» Author of " A Practical Treatise on Handrailing.'* Illus- 
trated with namerous Diagrams. Second Edition. lamo, as. 6d, cloth limp. 
" An excellent example of what a book of this kind should be. Cheap in price, clear in defini- 
tion and practical in fbe examples selected."— 2fM^;&^^. 



Timber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PAN JON. Containing New and Copious Tables of the Reduced Weight and 
Measurement of Deals and Battens, of all sizes, from One to a Thousand 
Pieces, and the relative Price that each size bears per Lineal Foot to any 
given Price per Petersburg Standard Hundred ; the Price per Cube Foot of 
Square Timber to any given Price per Load of 50 Feet; the proportionate 
Value of Deals and Battens by the Standard^ to Square Timber by the Load 



of so Feet ; the readiest mode of ascertaining the Price of Scantling per 
Lineal Foot of any size, to any given Figure per Cube Foot, &c. &c. By 
William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, 3s. cl. 



" We are glad to see a fourth edition of these admirable tables, which for correctness and 
simplicity of arrang^ement leave nothing to be desired."— 7»>n**r Trades journal. 

" An exceedii^y well-arranged, clear, and concise manual of tables for the use of all who buy 
or sell timber."— 5'wrwa/ ^ Forestry, 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., comprising 
useful Tables for all purposes connected with the Timber Trade, Marks of 
Wood. Essay on the Strength of Timber, Remarks on the Growth of Timber, 
&c. By W. Richardson. Fcap. 8vo, 3s. 6d. cloth. 
" TMs handy manual contains much valuable information for the use of timber merchants 

bidlders, foresters, and aU others connected with the growth, sale, and manufacture of timber. '— 

ycurnal <f Forestry. 

Timber Freight Book. 

THE TIMBER MERCHANTS, SAW MILLER'S, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules, 
Tables, and Memoranda relating to the Timber Trade. By William 
Richardson, Timber Broker; together with a Chapter on "Speeds of Saw 
Mill Machinery," by M. Powis Balk, MJ.M.E., &c. ismo, 3s. 6d. cl. boards. 
•• A very useful manual of rules, tables, and memoranda relating to the timber trade. We re- 
commend it as a compendium of calculation to all timber measurers and merchants, and as supply- 
Ing a real want in the txaLde."—BuiJdin£- News. 

Packing-case Makers, Tables for. 

PACKING-CASE TABLES; showing the number of Super- 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards. 
By W. Richardson, Timber Broker. Third Edition. Oblong 4to, 3s. 6d. cl. 
" Invaluable labour-saving tables." — fronnurng'tr, 
"Will save much labour aod calculation."— (TrMvr. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA^ 
SUREMENT. Tables calculated from i to 200 inches in len^h, by i to xo8 
inches in breadth. For the use of Architects, Surveyors, Engineers, Timber 
Merchants, Builders, && By James Hawkinqs. Third Bdition. Fcap., 
35. 6d. cloth. 
" A useful collection of tables to facOitate rapid calculation of surfaces. The exact area of any 
sirface of which the limits have been ascertained can be instantly determined. The book will be 
found of the greatest utility to all engaged in building ooerations."— S^o^maM. 

" These tables will be found of great assistance to all who require to make calculations in snper- 
ficial measurement."— £«^/«jA Mechanic. 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to afford In- 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F. B. 
Hough. Large crown 8vo, los. cloth. 

Tim^f^er Im^porter's Chiide. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS AND 
BUILDER'S STANDARD GUIDE, By Richard E. Grandy. Compris- 
ing an Analysis of Deal Standards, Home and Foreign, with Comparative 
Vsdues and Tabular Arrangements for fixing Nett Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight, 
Insurance, &c. &c. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised. lamo, as. cloth limp. 
" Everything it pretends to be : built up gradually, it leads one from a forest to a treenail and 

throws in, as a makeweight, a host of material concerning bricks, cohinms^ cittiBm^ 8ccJ'^£nglish 

Meihanic 



MARINE ENGINEERING, NAVIGAT ION, etc. n 

MARINE ENGINEERING, NAVIGATION, etc. 

Chain Cables. 

CHAIN CABLES AND CHAINS, Comprising Sizes and 
Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Welding Links, Strength of Cables and Chains, 
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chains, 
Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testing, 
List of Manufacturers of Cables, &c. &c. By Thomas W. Traill, F.E.R, N., 
M. Inst. C.E.| Engineer Surveyor in Chief, Board of Trade, Inspector of 
Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establishments. With numerous 
Tables, Illustrations and Lithographic Drawings. Folio, £2 as. cloth, 
bevelled boaids. 

"It contains a vast amount of valuable information. Nothingr seems to be wanting to make it 
« complete and standard work of reference on the su.hiect,"-~JVa>UiaU Magasiitu, 

Marine Engineering. 

MARINE ENGINES AND STEAM VESSELS (A Treatise 

on). By Robert Murray, C.E. Eighth Edition, thoroughly Revised, with . 

considerable Additions by the Author and by George Carlisle, C.E., 

Senior Surveyor to the Board of Trade at Liverpool. i2mo, 5s. cloth boards. 

" Well adapted to sfive the young' steamship engineer or manne engine and boiler maker a 
general introduction into bis practical vforli."—AfechaHictii IVorld. 

" We feel sure that this thoroughly revised edition will continue to be as popular in the future 
as it has been in the past, as, for its size, it contains more useful information than any simildr 
treatise. "—Industries. 

The information given is both sound and sensible, and well qualified to direct young sea- 
Gfoing hands on the straight road to the extra chiefs certificate. Most useful to survejors, 
inspectors, draughtsmen, and aUl young engineers who take an interest in their profession."— 

Glctsgow Herald. 

"An indispensable manual for the student of marine engineeiing."— Z.*v«^m7/ Mercury. 

PocTcet-Book for Naval Architects and Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Formula,RuUs,and TahUs.and MARINE ENGINEER'S 
AND SURVEYOR'S Handy Book 0/ Reference. By Clement Mackrow, 
Member of the Institution of Naval Architects, Naval Draughtsman. Fourth 
Edition. Revised. With numerous Diagrams, &c. Fcap., 12s, 6d. strongly 
bound in leather. 
" IVUI oe found to contain the most useful tables and formulae required by shipbuilders, carefully 

collect«)d from the best authorities, and put together in a popular and simple iotm."—£ngifteer. 
" The professional shipbuilder has now, m a convenient and accessible form, reliable data for 

solving many of the numerous problems that present themselves in the course of his work."— /roM. 
"There is scarcely a subject on which a naval architect or shipbuilder can require to refresh 

his memory which will not be found within the covers of Mr. Mackrow's book,"—£ft£iisA Mtchanic 

JFocket-Booh for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOB- 
hiULM FOR MARINE ENGINEERS. By Frank Proctor, A.I.N.A. 
Third Edition. Royal 32mo, leather, gilt edges, with strap, 45. 
** We recommend it to our readers as going far to supply a long-felt want."— MnW Scienc*. 
"A most useful companion to all marine engineers."— 6^t/A< Service GtuietU. 

Introduction to Marine Engineering. 

ELEMENTARY ENGINEERING : A Manual for Young Marine 
Engineers and Apprentices. In the Form of Questions and Answers on 
Metals, Alloys, Strength of Materials, Construction and Management of 
Marine Engines and Boilers, Geometry, &c. &c. With an Appendix of Useful 
Tables. By John Sherren Brewer, Government Marine Surveyor, Hong< 
kong. Smallcrown 8vo, 2s. cloth. 

" Contains much valuable information for the class for whom it Ls intended, especially in the 
chapters on the management of boilers and eng nes."—Nan/icai Ma^atint. 

" A useful Introduction to the more elaborate text books." — S'-ofst/tan. 

" To a student who has the requisite desire and resolve to attaiii a thorough knowledge, Mr. 
Brewer offers decidedly useful YaeX^'—Athenaum. 

Navigation. 

PRACTICAL NAVIGATION, Consisting of The Sailor's 
Sea-Book, by James Greenwood and W. H. Rosser : together with the 
xequisite Mathematical and Nautical Tables for the Working ot the Problems, 
by Henry Law, C.E., and Professor J. R. Young, illustrated, i^mo, ys, 
«troagly half-bound. 
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MINING AND METALLUBGY. 



Metalliferous Mining in the United Kingdom. 

BRITISH MINING : A Treatise on the History, Discovery, Practicaf 
Development, and Future Prospects of Metalliferous Mines in the United King- 
dom. By Robert Hunt, F.R.S., Keeper of Mining Records ; Editor of 
" Ure's Dictionary of Arts, Manufactures, and Mines, '^ &c. Upwards of 950 
pp., with 230 Illustrations. Second Edition, Revised. Super-royal 8vo^ 
£2 9$. cloth. 

' * One of the most Taluable works of reference of modem times. Mr. Hunt, ts keeper of ndnlii£ 
records of the United Kingdom, has had opportunities for such a task not enjoyed by anyone elseu 
and has evidently made the most of them. . . . The lan^fuage and style adopted are good, and 
the treatment of the various subjects laborious, conscientious, and scientific."— j?M^'n««r»^. 

"The book is, in fact, a treasure-house of statistical information on mininir subjects, and we 
know of no other work embodying so great a mass of matter of this kind. Were this the only 
merit ef Mr. Hunt s volume, it would be sufficient to render it indispensable in this library of 
everyone interested in the development of the mining and metallurgical mdustriesof this country." 
—jithetutum. 

" A mass of Information not elsewhere available, and of the greatest value to those frbo may 
be interested in our great mineral industries."— £n^>i««r. 

" A sound, busmess-like collection of interesting facts. ... The amount of information 
Mr. Hunt has brought together is enormous. . . . The volume appears Ukely to conv^ more 
histruction upon the subject than any work hitherto published."— J/mtnif' yournai. 

Colliery Management. 

THE COLLIERY MANAGER'S HANDBOOK: A Compre- 
hensive Treatise on the Laying-out and Working of Collieries, Designed as 
a Book of Reference for Colliery Managers, and Tor the Use of Coal-Mining 
Students preparing for First-class Certificates. By Caleb Pamely, Mining 
Engineer and Surveyor; Member of the North of En^and Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Insti- 
tute of Mining Engineers. With nearly 500 Plans, Diagrams, and other 
Illustrations. Medium 8vo, about 600 pages. Price £1 <s. strongly bound. 

[Just published. 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM. Comprising a Description of the Coal Fields, and of the 
Principal Seams of Coal, with Returns of their Produce and its Distribu-. 
tion, and Analyses of Special Varieties. Also an Account of the occurrence 
of Iron Ores in Veins or Seams ; Analyses of each Variety ; and a History ot 
the Rise and Progress of Pig Iron Manufacture. By Richard Meade, Assistant 
Keeper of Mining Records. With Maps. 8vo, £1 8s. cloth. 
" The book is one which must find a place on the shelves of all interested in coal and Iron 

production, and in the iron, steel, and other metallurgical industries."— £n^'»««r. 

" Of this book we may unreservedly say that it is the best of its class which we have ever met. 
. . A book of reference which no one engaged in the iron or coal trades shoidd omit from his 

library."— /row and Coal Trades Review. 

Brospecting for Gold and other Metals. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro- 
spector and Traveller in Search of Metal-Bearing or other Valuable Minerals. 
By J. W. Anderson, M.A. (Camb.), F.R.G.S., Author of "Fiji and New 
Caledonia." Fifth Edition, ttioroughly Revised and Enlarged. Small 
crown 8vo, 35. 6d. cloth. 

" Will supply a much felt want, especially am<mg Colonists, in whose -way are so often thrown 
many mineralogical specimens the value of which it is difficult to determine. -^ft^Vi^^r. 

"How to mid commercial minerals, and how to identify them when they are found, are the 
leading points to which attention is directed. The author has managed to pack as muchpractical 
detail mto his pages as would supply material for a book three times its shzit."— Mining Journal, 

Mining Notes and Formulce. 

NOTES AND FORMULA FOR MINING STUDENTS. By 

iOHN Herman Merivale, M.A., Certificated Colliery Manager, Professor of 
lining in the Durham College of Science, Newcastle-upon-Tyne. Third 
Edition. Revised and Enlarged. Small crown 8vo, 25. 6d. cloih. 
" Invaluable to anyone who is working up for an examination on mining sub}ects."— -Coal and 
Iron Trades Review. 

" The author has done his work in an exceedingly creditable manner, and has produced a book 
that will be of serviee to students, and those who are practically engaged in mining operations."— 
Enzineer. 

" A vast amount of technical matter of the utmost value to mining engineers, and of considoK 
able interest to students."— Schoolmaster. 
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Explosives. 

A HANDBOOK ON MODERN EXPLOSIVES. Being a 
Practical Treatise on the Manufacture and Application of Dynamite, Gun- 
Cotton, Nitro-Glycerine and other Explosive Compounds. Including the 
Manufacture of Collodion-Cotton. By M. Eisslbr, Mining Engineer and 
Metallurgical Chemist, Author of *' The Metallurgy of Gold/' &c. With 
about zoo Illustrations. Crown 8vo, 105. 6d. cloth. 
"Useful not only to the miner, but tdso to officers of both sendees to whom blasting and the 

use of explosives srenerally may at any time become a necessary auxiliary."— yVa/wnc. 

** A veriuble mine of mformation on the subject of ezplostres employed for military, mining 

and blasting purposes."— ^riNj> and Navy Gazette. 

" The book is clearly written. Taken as a whole, we condder It an excellent little book and 

one that should be found of great senrice to miners and others who are engaged in work requhring 

the use of explosives."— ^M^mrKm. 

Qoldf Metallurgy of, 

THE METALLURGY OF GOLD : A Practical Treatise on the 

Metallurgical Treatment of Gold-bearing Ores. Including the Processt s ot 

Concentration and Chlorination, and the Assaying. Melting and Refining of 

Gold. By M. Eisslsr, Mining Engineer and Metallurgical Chemist, formerly 

Assistant Assayer of the U. S. Mint, San Francisco. Third Edition, Revised 

and greatly Enlarged. With 187 Illustrations. Crown 8vo, Z2s. 6d. cloth. 

" This book thoroughly deserves its title of a * Practical Treatise.' The whole process of gold 

mining, from the breaking of the quartz to the assay of the bullion, is described in clear and 

ordetw narrative and with mucli, but not too much, fumess of deiaiL''—Saiurday Revuw. 

" The work is a storehouse of information and valuable data, and we strongly recommend it to 
aU professional men engaged in the gold-mining industry."— J/^t'^v" y<mmal 

Silver^ Metallurgy of. 

THE METALLURGY OF SILVER : A Practical Treatise on 
the Amalgamation, Roasting and Lixiviation of Silver Ores, Including the 
Assaying, Melting and Refining of Silver Bullion. By M. Eisslbr, Author 
of " The Metallurgy of Gold " Second Edition, Enlarged. With 150 Illus- 
trations. Crown 8vo, los. 6d. cloth. [J^^t published. 
" A practical treatise, and a technical work which we are convinced will supply a long-felt want 

amongst practical men, and at the same time be of value to students and others Indit ectly connected 

with tne industries."— ^tn^t;;^ youmal. 

" From first to last the book is thoroughly sound and xtUzbl6.''—Coiiiery Guardian, 

" For chemists, practical miners, assayers and investors alike, we do not know of any work 

on the subject so handy and yet so comprehensive."— C^/ax.fii'w Herald, 

Silver^Leadf Metallurgy of, 

THE METALLURGY OF ARGENTIFEROUS LEAD: A 
Practical Treatise on the Smelting of Silver-Lead Ores and tbe Refining of 
Lead Bullion. IncludiDg Reports on various Smelting Establishments and 
Descriptions of Modem Furnaces and Plants in Europe and America. By 
M. EissLER, M.E., Author of "The Metallurgy of Gold," &c. Crown 8vo. 
400 pp., with numerous Illustrations, 125. 6d. cloth. [Just published. 

Metalliferous Minerals and Mining^ 

TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davibs, F.G.S., Mining Engineer, &c.. Author of "A 
Treatise on Slate and Slate Quarrying." Illustrated with numerous Wood 
Engravings. Fourth Edition, carefully Revised. Crown 8vo, i25. 6d. cloth. 
*' Neither the practical miner nor the general reader interested In mine* can have a better book 
for his companion and his guide."— 'J/iM&w^ youmal. lAfinittg- IVorld, 

" We are doing our readers a service m calling their attention to this valuable work."— 
" As a history of the present state of miidng uiroughout tne world this book has a teal value, 
and it supplies an actual •fnxiX,"^At/uHteum, 

Earthy Minerals and Mining. 

A TREATISE ON EARTHY <Sr» OTHER MINERALS AND 
MINING. By D. C. Daviss, F.G.S. Uniform with, and forming a Com- 
panion Volume to, the same Author's " Metalliferous Minerals and Mining." 
with 76 Wood Engravings. Second Edition. Crown 8vo, 12s. 6d. cloth. 
" We do not remember to have met with any English work on mining matters that contains 

tiie same amount of information packed in equally convenient form."— ^oMfmy. 

" We should be inclined to rank it as among the very best of the handy technical and trades 

manuals which have recentiy appeared."— i^H/ixA Quarterly Revirw, 
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Mineral Surveying and Valuing, 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE t comprising a Treatise on Improved Mining Surveying and the Valua- 
tion of Mining Properties^ with New Traverse Tables. By Wm. Lintern, 
Mining and Civil Engineer. Third Edition, with an Appendix on " Magnetic 
and Angular Surveying," with Records of the Peculiarities of Needle Dis- 
turbances. With Four Plates of Diagrams, Plans, &c. ismo, 45. cloth. 
" Mr. Lintern's book forms a valuable and thoroughly trustworthy guide."— /rvn and Coat 
Tradts Review. 

" This new edition must be of the highest value to colliery surveyors, proprietors and mana- 
gers."— Ca//t*ry Guardian. 

Asbestos and its Uses. 

ASBESTOS : Its Properties , Occurrence and Uses, With some 
Account of the Mines of Italy and Canada. By Robert H. Jones. With 
Eight Collotype Plates and other Illustrations. Crown 8vo, 12s. 6d. cloth. 
"An interesting and invaluable •vroiV."— Colliery Guardian. 

" We counsel our readers to get this exceedingly interesting work for themselves ; they will 
find in it much that is suggestive, and a great deal that is of immediate and practical usefuhiess." — 
Builder. 

" A valuable addition to the architect's and engineer's libtiry."— Building- News. , 

Underground Bumping Machinery. 

MINE DRAINAGE. Being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with a Descrip- 
tion of a large number of the best known Engines, their General Utility and 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forms of Pumping Machinery. By Stephen 
MicHELL. 8vo, 155. cloth. 
" Will be highly esteemed by colliery owners and lessee^ mining engineers, and students 

generally who require to be acquamted with the best means of securing the drainage of mines. It 

b a most valuable work, and stands almost alone in the literature of steam pumping machinery."— 

Colliery Guardian. 

" Much valuable information is given, so that the book k thoroughly worthy. of an extenave 

circulation amongst practical men and purchasers of machinery." — Mining- journal. 

Mining Tools, 

A MANUAL OF MINING TOOLS. For the Use of Mine 
Managers, Agents, Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. i2mo, 2s. 6d. cloth limp. 
ATLAS OF ENGRAVINGS to Illustrate the above, contain- 
ing 235 Illustrations of Mining Tools, drawn to scale. 4to, 4s. 6d. cloth. 
"Students in the science of mining, and overmen, captains, managers, and viewers may gain 

practical knowledge and useful hints by the study of Mr, Morgans' nanuaL''— Colliery Guardian. 
"A valuable work, which will tend materially to improve our mining literature."— i/»»(>v 

S^oumal, 

Coal Mining, 

COAL AND COAL MINING: A Rudimentary Treatise on. By 
the late Sir Warington W. Smyth, M.A., F.R.S., &c.. Chief Inspector of the 
Mines of the Crown. Seventh Edition, Revised and Enlarged. With 
nimierous Illustrations. i2mo, 4s. cloth boards. 
"As an outline is given of every known coal-field in this and other countries, as well as of the 

principal methods of working, the book will doubtless interest a very large number of readers."— 

Mining journal. 

Subterraneous Surveying, 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fen wick, 
Surveyor of Mines, and Thomas Baker, C.E. lUust. i2mo, 35. cloth boards. 

Granite Quarrying, 

GRANITES AND OUR GRANITE INDUSTRIES. By 
George F. Harris, F.G.S., Membre de la Soci6t6 Beige de G^ologie, Lec- 
turer on Economic Geology at the Birkbeck Institution, &c. With Illustra- 
tions. Crown 8vo, 25. 6d. cloth. 

" A clearly and well- written manual for persons engaged or interested in the granite industrj-." 
—Sro/sman. 

" An interesting work, which will be deservedly esteemed."— C<7//f^r^ Guardian. 
" An exceedingly interesting and valuable monograph on a subject which has hitherto received 
unaccountably little attention in the bhape of systematic littrary tttaxmvbX." Scottish Leader. 
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ElectHcal Engineering, . 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OF 
MODERN RULES, FORMULA, TABLES AND DATA. By H. R. 
Kempe, M.InstE.E., A.M.Inst. C.E., Technical Officer Postal Telegraphs, 
Author of "A Handbook of Electrical Testing," &c. With numerous Illus- 
trations, royal 32mo, oblong, 5s. leather. [J^^st published. 
" There is very little in the shape of formuke or data which the electrician is likely to want 
in a huiry which cannot be found in its pages."— Prac/icai Engineer. 

"A very useful book of reference for daily use in practical electrical engineering and its 
various applications to the industries of the present day."— Iron. 
" It is the best book of its )uad"— Electrical Engineer. 
" The Electrical Engineer's Pocket-Book is a good one."— Electrician. 
"Strongly recommended to those engaged in tae various electrical industries."— J^/ifr/rtlca/ 
ReiHew. 

Electric Lighting. 

ELECTRIC LIGHT FITTING : A Handbook for Working 
Electrical Engineers, embodying Practical Notes on Installation Manage- 
ment. By John W. Urquhart, Electrician, Author of " Electric Light," &c. 
With numerous Illustrations, crown 8vo, 55. cloth. [3^*^^ published. 

" This volume deals with what may be termed the mechanics of electric lighting, and is 
addressed to men who are already engaged in the work or are training for it. The work traverses 
a great deal of ground, and may Se read as a sequel to the same author's useful work on ' Electric 
Light' " — Electrician, 

" This is an attempt to state In the simplest language the precautions which should be adopted 
in installing the dectric light, and to give information,K>r the guidance of those who have to run 
Che plant when installed. The book is well worih the perusal of the workmen for whom it is 
vrtittea."— Electrical Review. 

'' Eminently practical and useful. . . . Ought to be in the hands of everyone In charge of 
an electric light p]aat."— Electrical Ensineer. 

" A reaUy capital book, which we have no hesitation in recommending to the notice of working 
electricians and electrical engiaetxs."—Afechantcal H^orld. 

Electric IdghU 

ELECTRIC LIGHT : Its Production and Use. Embodying Plain 
Directions for the Treatment of Dynamo-Electric Machines, Batteries. 
Accumulators, and Electric Lamps. By J. W. Urquhart, C.E., Author ot 
" Electric Light Fitting," &c. Fourth Edition, Revised, with Large Additions 
and 145 Illustrations. Crown 8vo, 75. 6i. cloth. IJvst published. 

•' The book is by far the best that we have yet met with on the a\xhi(Bct."—j4th*naum, 



"It is the only work at present available wmch gives, in language intelligible for the most part 
to the ordinary reader, a general but concise history of the means which have been adonted ud tn 
the present time in producing the electric l\ght."—Afetrc:^itan. 



'The book contains a general account of the means adopted in producing the electric Ught, 
not only as obtained from voltaic or galvanic batteries, but treats at length of the dynamo-electric 
machine in several of its forms." — Colliery Guardian. 

Construction of Dynamos, 

DYNAMO CONSTRUCTION : A Practical Handbook forthe Use 
of Engineer Constructors and Electricians in Charge. With Examples of 
leading English, American and Continental Dynamos and Motors. By J. W. 
Urquhart, Author of " Electric Light," &c. Crown 8vo, ys. 6d. cloth. 

{Just published. 
"The author has produced a book fur which ademan'1 has long existed. The subject is 
treated in a thoroughly practical vaaxaMt.'— Mechanical World. 

Dynamic Electricity and Magnetism. 

THE ELEMENTS OF DYNAMIC ELECTRICITY AND 
MAGNETISM. By Philip Atkinson, A.M., Ph.D. Crown 8vo. 400 pp. 
With 120 Illustrations, zos. 6d. cloth. Ijvst publish, d. 

Text Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 
HsNRT M. NoAD, Ph.D., F.R.S., F.CS. New Edition, carefully Revised. 
With an Introduction and Additional Chapters, by W. H. Prbbcb, M.I.C.E., 
Vice-President of the Society of Telegraph Engineers, &c. With 470 Illustra- 
tions. Crown Bvo, 12s. 6d. cloth. 
"We can recommend Dr. Noad's t>ook for dear styles great rai^fe of sublect, a good index, 

and a plethora of woodcuts. Such collections as the present are indispensable. —^iA^MrMw. 
"An adminble test book for every student — t)egmner or advanced — of electricity."<« 

Sr£ineerin^, 
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EUctrie lAghttng. 

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT- 
ING, By Alah A. Campbell Swinton, Associate I.E.E. Second Edition, 
Enlarged and Revised. With i6 Illustrations. Crown 8vo, is. 6d. cloth. 
" Aoy<me who desires a sh<wt and thoroughly clear eimositioa of the elementary princ^des of 
e kictik -Ughtiiig cannot do better than read this little ymnk.'^—BrMUbrd Oisgrver, 

Electricity. 

A MANUAL OF ELECTRICITY: Including Galvanism, Mag;- 
netism, Dia^Magnetistn, EUctro-Dynamics, Magno-Electticity, and the Electric 
Telegraph. By Hsnrt M. Noad, Ph.D., FJLS^ F.CS. Fourth Edition. 
With 500 Woodcuts. 8vo, £1 45. cloth. 
*' It is worthy of a place in the library of erery pabOc JntHtution."— Jffa<Hf journal, 

jyynamo Construction. 

HOWTOMAKEA DYNAMO: A Practical Treatise for Amateurs. 
Containing numerous Illustrations and Detailed Instructions for Construct- 
ing a Small Dynamo, to Produce the Electric Light. Bv Alfred Crofts. 
Third Edition, Revised and Enlarged. Crown 8vo, zs. cloth. 
"The instructions given in this unpretentious little book are sufficiently dear and explicit to 

enable any amateur mechanic poAessed of average skill and the usual tools to be found in an 

amateur's workshop, to build a practical dynamo michiae."—EiectrUiaM, 



NAT URAL SCIENCE , etc. 

JPneutnatics and Acotistics. 

PNEUMATICS : including Acoustics and the Phenomena of Wind 

Currents^ for the Use of Bcgmners. By Charles Tomlinson, F.R.S. 

F.C.S., &c. Fourth Edition, Enlarged, zamo. is. 6d, cloth. 

*' Beginners in the study of this Important application of science could not have a better manual " 
^Scotsman. " A valuable and suitable text>book for students of Acoustics and the Pheno- 
mena of Wind Cvxnealtx," ^Schoolmaster. 

Conchology. 

A MANUAL OF THE MOLLUSCA : Being a Treatise on Recent 
and Fossil Shells. By S. P. Woodward, A.L.S., F.G.S., late Assistant 
Palaeontologist in the British Museum. With an Appendix on Recent and 
Fossil Conchological Discoveries, by Ralph Tate, A.L.S., F.G.S. Illustrated 
by A. N. Waterhouse and Ioseph Wilson Lowry. With 23 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Ed., 1880. Cr. 8vo, 75. 6d. cl. 
*' A most valuaUe storehouse of conchological and geological informaticm. "—5a«n«e Gossip. 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL, Consisting of "Physical Geology •' which sets forth 
the leading Principles of the Science ; and " Historical Geology," which 
treats of the Mineral and Organic Conditions of the Earth at each successive 
epoch, especial reference being made to the British Series of Rocks. By 
Ralph Tate, A.L.S., F.G.S., &c. With 250 Illustrations. i2mo, 5s. cloth. 
" The fulness of the matter has elevated the book into a manual. Its Informaticm Is ezhansttve 
and well arranged."— sSirA^^Z Board Chronicle, 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION; or, Geology and 
Genesis : their Perfect Harmony and Wonderful Concord. Bv George W. 
Victor le Vaux. Numerous Illustrations. Fcap. 8vo, 5s. clotn. 
" A valuable contribution to the evidences of Revelation, and disposes very concludvdy of the 
arguments of those who would set God's Works against God's V/oxd.— The Roch, 

The Constellations. 

STAR GROUPS: A Student's Guide to the Constellations, By 
J. Ellard Gore, F.R.A.S., M.R.I.A., &c.. Author of "The Scenery of the 
Heavens." With 30 Maps. Small 4to, 5s. cloth, silvered. [Just published. 

Astronomy. 

ASTRONOMY. By the late Rev. Robert Main, M.A. , F.R.S., 
formerly Radcliffe Observer at Oxford. Third Edition, Revised and Cor- 
rected to the present time, by W. T. Lynn, B.A., F.R.A.S. lamo, 2s, cloth. 

'* A sound and smiple treatise, very carefixUy edited, and a capital book for beginners."-- 
KnowUdg:. [Honal Times. 

** Accurately brought down to die requirements of the present time by Mr. Lynn."— £<fi««a. 
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DR. LARDNER'8 COURSE OF NATURAL PHILOSOPHY. 



THE HANDBOOK OF MECHANICS, Enlarged and almost re 
written by Benjamin Loewy, F.ILA.S. With 378 Illustrations. Post 8vo, 

6s. cloth. 

"The perroicuity of the miglnal has been retained, and chapters which had become obsolete 
have been replaced by others of more modem character. The explanations throughout are 
studiously popular, and care has been taken to show the application of the various branches of 
physics to the industrial arts, and to the practical business of hfe." — Mining^ yourtuU. 

"Mr. Loewy has careftilly revised ttie book, and brought it up to modem requirements."— 
Nttture, 

"Natural philosophy has had few exponents more able or better skiHed in the art of popu- 
larising the subject than Dr. Lardner ; and Mr. Loewy is doing: good service in fitting this treat£se, 
and-the others of the series, for use at the present ^m»."—ScoUman, 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 
New Edition, Revised and Enlarged, by Benjamin Loswy, F.R.A.S. With 

236 Illustrations. Post Svo, 5s. cloth. 

"For those 'who dedre to attain an accurate knoidedge of physical science without the pro* 
found methods of mathematical investigation,' this work is not merely intended, but well ada p ted." 
'-Chemical News. 

" The volume before us has been carefully edited, augmented to nearly twice the bulk of the 
former edition, and aU the most recent matter has been added. . . . It is a vahtabto text>book." 
—Nature. 

" Candidates for pass examinations wHI find it, we think, specially suited to their requirements.'* 
English Mechanic 

THE HANDBOOK OF HEAT. Edited and almost entirely re- 
written by Benjamin Loswy, F.R.A.S., &c. Z17 Illustrations. Post Svo, 6s. 
cloth. 
" The style Is alwajrs dear and precise, and conveys Instruction without leaving any ctoudiness 

or lurking doubts behind."— ^M^^n^^rtM^. 

"A most exhaustive book on the subject on which It treats, and is so arranged that It can be 

understood by all who desire to attain an accurate knowledge of physical science. .... Mr. 

Loewy has included all the latest discoveries in the varied laws and effects of heat."-^/an<far)/. 
"A complete and handy text>hook for the use of students and general reAders."— ^ftf/irA 

Mechanic, 

THE HANDBOOK OF OPTICS. ByDiONYSius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Editea by T. Olvbr Harding, B.A. Lond., 
of University College, London. With 298 Illustrations. Small Svo, 448 
pages, 55. cloth. 
"Written by one of the ablest Enji^ish scientific writers, beautifully and elaborately illustrated." 

Mechanic's Magazine, 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 
i4 CO C/ST/CS. By Dr. Lardner. Ninth Thousand. Edit, by George Carey 
Foster, B.A., F.C.S. With 400 Illustrations. Small Svo, 5s. cloth. 
" The book could not have been entrusted to anyone better calculated to preserve the terse and 

hidd style of Lardner, while correcting his errors and bringing up his work to the present state of 

scientific knowledge."— i\^»Asr Science Review. 

THE HA NDBOOK OF A STRONOMY. Forming a Companion 
to the " Handbook of Natural Philosophy.'' By Dionysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition. Revised and Edited by Edwin Dunkin. 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 
zoo Woodcuts. In One Vol., small Svo, 550 pages, gs. 6d. cloth. 
" Probably no other book contains the same amount of information in so compendious and well- 
arranged a form— certainly none at the price at which this is offered to the pubhc."— A thenautn, 

"We can do no other than pronounce this work a most valuable manual of astronomy, and we 
strongly recommend it to all who wish to acquire a general— but at the same time correct—acquaint • 
ance with this sublime saeace."— Quarterly journal q^ Science, 

"One of the most deservedly popular books on the subject . . . We would recommend not 
only the student of the elementary principles of the science, but he who aims at mastering the 
higher and m a them atical branches of astronomy, not to be without this work beadde bim,''—iPracti' 
lal Magazine. 

Dr. Lardner^8 Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. Re- 
vised and Re- written by E. B. Bright, F.R.A.S. 140 Illustrations. Small 
Svo, 2$. ^d. cloth. 
" One of the most readable books extant on the Electric Telegraph."— J?f^/irA Mechanic 
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DR. LARDNER'S MUSEUM OF SCIENCE AND ART. 



THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardnsr, D.C.Lm formerly Professor oi Natural Philosophy and 
Astronomy in University College, London. With upwards of 1,200 Engrav- 
ings on Wood. In 6 Double Volumes, £1 is., in a new and elegant cloth bind- 
ing ; or handsomely bound in half-morocco, 315. 6d, 

*#* Opinions of the Press. 

"This aaiM, besides affording popular but sound instruction on scientific subjects; widi whidft 
the humblest man in the country ought to be acquainted, also undertakes that teaching of ' Com- 
mon Things ' which every well-wisher of his kind is anxious to promote. Many thousand copies of 
this serviceable publication have been printed, in the belief ana hope that the desire for Instruction 
and improvement widely prevails ; and we have no fear that such enlightened faith will meet with 
disappointment."— Times. 

" A cheap and interesting publication, alike Informing and attractive. The papers combine 
subjects of importance and great scientific knowledge, considerable inductive powers, and m 
popular style 01 treatment.''-niu^cta/br. 

"The 'Museum of Science and Art' Is the most valuable contribution that has ever been 
made to the Scientific Instruction ot every class of society."— Sir David Brbwster, in the 
I^ortk British Review. 

" Whether we consider the liberality and beauty of the Qhistratlons, the charm of the writing, 
or the durable interest of the matter, we must express our belief that there is hau'dly to be found 
among the new books one that would be welcomied by people of so many ages and classes as a 
valuable present."— £«a»*^>Mr. 

*•* Separate books formed from the above, suitable for Workmen's Libraries, 
Science Classes, etc. 

Comtnan XTiings Explained. Containing Air, Earth, Fire, Water, Time, 
Man, the Eye, Locomotion, Colour, Clocks and Watdies, &c. 233 Illus- 
trations, cloth gilt, 55. 

The Microaeope, Containing Optical Images, Maniifying Glasses, Origin 
and Description of the Microscope, Microscopic Objects^ the Solar Micro- 
scope, Microscopic Drawing and Engraving, &c. 147 illustrations, cloth 
gilt, 2S. 

Popular GBology* Containing Earthquakes and Volcanoes, the Crust of 
the Earth, &c. 202 Illustrations, cloth gilt, 25. 6d. 

Popular Physics* Containing Maaiitude and Minuteness, the Atmo- 
sphere, Meteoric Stones, Popular Fallacies, Weather Prognostics, the 
Ihermometer, the Barometer, Sound, &c. 85 Illustrations, cloth gilt, is, 6d. 

Steam and its Uses. Including the Steam Engine, the Locomotive, and 
Steam Navigation. 89 Illustrations, cloth gilt, as. 

Popular Astronomy, Containing How to observe the Heavens— The 
Earth, Sun, Moon, Planets, Light, Comets, Eclipses, Astronomical Influ- 
ences, &c. 182 Illustrations, 45. 6d. 

The Bee and White Ants : Their Manners and Habits. With Illustra- 
tions of Animal Instinct and Intelligence. 135 Illustrations, cloth gilt, 2s. 

The Eleetrie Telegraph Popularized. To render intelligible to all who 
can Read, irrespective of any previous Scientific Acauirements, the various 
forms of Telegraphy in Actual Operation. zoo IllustrationSa cloth gilt, 
K. 6d, 

I}r» Lardner's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardnbr. 

328 Illustrations. Sixth Edition. One Vol., 3s. 6d. cloth. 

" A very convenient class-book for Junior students in private schools. It Is In t ended to oonv^, 
in dear and precise terms, general notions of all the prbcipal divisions of Physical Sdanoe.''^ 
Mritish Quarttrfy Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardnbr, 
With 190 Illustrations. Second Edition. One Vol., 35. 6d. cloth. 
••Clearly written, well arranged, and excellently Illustrated."— (rt»n«r»«r'j Ckronide, 



COUNTING-H OUSE WORK, TABLES, etc. 

Introduction to Business. 

LESSONS IN COMMERCE. By Professor R. Gambaro, of 
the Royal High Commercial School at Genoa. Edited and Revised by James 
Gault, Professor of Commerce and Coomiercial Law in King's College, 
London. Crown 8vo, price about 3s. 6d. [in the press. 

Accounts for Manufacturers* 

FACTORY ACCOUNTS: Their Principles and Practice. A 
Handbook for Accountants and Manufacturers, with Appendices on the No- 
menclature of Machine Details ; the Income Tax Acts ; the Rating of Fac- 
tories; Fire and Boiler Insurance; the Factory and Workshop Acts, &c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emilb Garckb and T. M. Fells. Third Edition. Demy 8vo, 250 pages, 
price 6s. strongly bound. 
" A very interesting description ofthe requirements of Factory Accounts. . . . theprincip.e 

of assimilatinsr the Factory Accounts to the general conunercial books is one wliich we thoroughly 

agree ■with."—jiaountants' youmal. 

" There are few owners of Factories who would not derive great benefit from the perusal 

of this most admirable work."— Locai Govemmettt Chronicle, 

Foreign Commercial Correspondence. 

THE FOREIGN COMMERCIAL CORRESPONDENT: Being 
Aids to Commercial Correspondence in Five Languages— English, French, 
German, Italian and Spanish. By Conrad E. Baksr. Second Edition, 
Revised. Crown 8vo, 35. 6d. cloth. 
" Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do better 

than study this work, the materials of which are excellent and conveniently arranged."— ^MemrMm. 
"A careful ezamina:i>a has convinced us that it is unusually complete, well arranged and 

reliable. The book is a thoroughly good oae."—Sch0o/masUr, 

Intuitive Calculations* 

THE COMPENDIOUS CALCULATOR; or. Easy and Con- 
cise Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions, together with Useful Jables. By 
D. O'GoRMAN. Corrected by Professor J. R. Young. Twentv-seventh Ed., 
Revised by C. Norris. Fcap. 8vo, 25. 6d, cloth ; or, 35. 6<f, half-bound. 
" It would be difficult to exaggerate the usefulness of a book like this to everyone engaged in 

commerce or manufacturing indu^xy."—JCfuni//eel£e. 

" Supplies special and rapid methods for all kinds of calculations. Of great utility to persons 

engaged in any icind of commercial transactions."— bS^^^xmaw. 

Modem Metrical Units and System^s, 

MODERN METROLOGY : A Manual of the Metrical Units 



"The author has brou|^t together much valuable and interesting information. _ 

cannot but recommend the vtoxk.."— Nature. 

" For exhaustive tables of equivalent weights and measures of all sorts, and for clear demonstra- 
tions of the effects of the various systems that have been proposed or adopted, Mr. Jackson s 
treatise is without a tinJu"— Academy, 

The Metric System and the British Standards. 

A SERIES OF METRIC TABLES, in which the British Stand- 
ard Measures and Weights are compared with those of the Metric System at present 
in Use on the Continent. By C. H. Dowling, C.E. 8vo, xos. 6d. strongly bound. 

"Their accuracy has been certified by Professor Airy, the Astronomer-Royal."— ^wi^U^. 

"Mr. DoMding's Tables are well put together as a raady-reckoner fiw tbe oonvecsion of one 
system into the iiXlati."—Athenaum. 

Iron and Metal Traces* Calculator. 

THE IRON AND METAL TRADES' COMPANION. For 
expeditiously ascertaining the Value oi any Goods bought or sold by Weight, 
from IS. per cwt. to zi2S. per cwt., and from one Earthing per pound to one 
riiilling per pound. Each Table extends from one pound to zoo tons. To 
which are appended Rules on Decimals, Square and Cube Root, Mensuration 
oi Superficies and Solids, &c. ; also Tables of Weights of Matenals,and other 
Useful Memoranda. By Thos. Downib. Strongly bound in leather, 396 pp., 9s. 
*' A most useful set of tables. . . . NotUng Uke them before existed."— Buiiding Aews. 
" Although specially adapted to the iron and metal trades, the tables will be founo naeftil in 
•feiy other business in which merchandiae is bought and aold by weii^"— Atftfmv News. 



methods of arriving at results. It is as easy of reference for any answer or any number of answers 
as a dictionary, and the references are even more quiddy made. For makin^f up accounts or esti- 
mates, the book must prove invaluable to all who have any considerable quantity of calculations 
involving price and measure in any combination to do." — Engineer, 



30 CROSBY LOCKWOOD ^ SON'S CATALOGUE. 

Calculator for Numbers and Weights Combined. 

THE NUMBER, WEIGHT AND FRACTIONAL CALCU^ 
LA TOR, Containing upwards of 250,000 Separate Calculations, showing at 
a glance the value at 422 diflerent rates, ranging from yKth of a Penny to 
SOS. each, or per cwt., and £ao per ton, of any number ot articles consecu- 
tively, from z to 470. — Any number of cwts., qrs., and lbs., from i cwt. to 470 
cwts.—Any number of tons, cwts., qrs., and lbs., from i to 1,000 tons. By 
WiLLiAy Chadwick, Pubhc Accountant. Third Edition, Revised and Im- 
proved. 8vo, price 185., strongly bound for Office wear and tear. 
*»♦ Thii work is specially adapted for the Apportionment of Mileage Charges 

for Railway Traffic, 

IS" This comprehensive and entirely unique and original Calculator is adapted 

for the use of A ccountants and A uditors, Railway Companies, Canal Companies, 

Shippers, Shipping Agents, General Carriers, etc. 

ironfounders, Brassfounders, Metal Merchants, Iron Manufacturersjronmon^ers, 

Engineers, Machinists, Boiler Makers, Millwrights, Roofing, Bridge and Gtrder 

Makers, Colliery Proprietors, etc. 

Timber Merchants, Builders, Contractors, Architects, Surveyors, Auctioneers 

Valuers, Brokers, Mill Owners and Manufacturers, MiU Furnishers, Merchants and 

General Wholesale Tradesmen. 

\* Opinions of the Press. 
"The book contains the answers to questions, and not simply a set of lnfi«nioas pvzde 

methods of arriving at results. It is as easy of reference for any answer or any nuxooer of answers 
diction ^ • - ' • •• ' " " ' 

s.the1 

nng pi , _ 

' The most perfect work of the kind yet prepared."— Gi^^vatf Herald, 

Comprehensive Weight Calculator^ 

THE WEIGHT CALCULATOR. Being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at One Reference the exact 
value of any Weight from 1 lb. to 15 tons, at 300 Progressive Rates, from id. 
to 1685. per cwt., and containing 186,000 Direct Answers, which, with their 
Combinations, consisting of a smgle addition (mostly to be performed at 
sight), will afiord an aggregate of 10,266,000 Answers; the whole being calcu- 
lated and designed to ensure correctness and promote despatch. By Henry 
Harbbn, Accountant. Fourth Edition, carefully Corrected. Royal 8vo, 
strongly half-bound, £1 55. 
" A practical and useful work of reference for men of bu^ess generally ; It is the best of the 

kind we have seen.' —Ironmonsrer. 

" Of priceless value to busmess men. It is a necessary book in all mercantile offices."— %SA<A 

field JntUpMtUnt. 

Com^prehensive Discount Guide, 

THE DISCOUNT GUIDE, Comprising several Series of 
Tables for the use of Merchants, Manufacturers^ Ironmongers, and others, 
by which may be ascertained the exact Profit arismg from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discounts : to which are added Tables of Profit or Advance from i^ to 
QO per cent., Tables of Discount from i^ to 98I per cent., and Tables of Com- 
mission, &c., from \ to 10 per cent. By Henry Harben, Accountant, Author 
of " The Weight Calculator." New Edition, carefully Revised and Corrected. 
Demy 8vo, 544 pp. half-bound, £1 5s, 
A book such as this can only be appreciated by bu^ess men, ^tojvhom the saying ot time 



s saving of money. We have the nigh authority of Professor J. R. Young that the tables 

throughout the work are constructed upon strictly accurate principles. The work is a mode 
of typographical clearness, and must prove of great value to merchants, manufacturers, and 
general traders. "-^^HMrA Trade yournat. 

Iron Shipbuilders^ and Merchants^ Weight Tables. 

IRON 'PLATE WEIGHT TABLES: For Iron Shipbuilders, 
Engineers and Iron Merchants. Containing the Calculated Weights of up- 
wards of 150,000 diflerent sixes of Iron Plates, from i foot by 6 in. by ^ in. to 
10 feet bv 5 feet by i in. Worked out on the basis of ao lbs. to the square 
foot of Iron of i inch in thickness. CaretuUy compiled and thoroughly Re- 
vised by H. Burlinson and W. H. Simpson. Oblong 4to, 25s. half-bound. 
*'This work win be found of great utility. The authors have had much practical experience 

of what is wanting in making estimates; and the use <tf the book nHl save much time In BiakiDC 

elaborate calculations."— fy^/irA MtcManie, 



INDUSTRI AL AND USEF UL ARTS. 
Soap-ntaking. 

THE ART OF SOAP-MAKING : A Practical Handbook 0/ the 
Manufacture of Hard and Soft Soaps, Toilet Soaps, etc. Including many New 
Processes, and a Chapter on the Recovery of Glycerine from Waste Leys. 
By Alexander Watt, Author ol " Electro-Metallurgy Practically Treated," 
&c. With numerous Illustrations. Fourth Edition, Revised and Enlarged. 
Crown 8vo, 7$. 6d, cloth. 
"The work will proT* very useAiI, not merely to the technological student, but to the practical 

soap-boiler who wishes to understand the theory of his art." — Chemical News. 

"Mr. Watt's book is a thoroucfhiy practical treatise on an art which has almost no literature In 

our lang^uaigfe. We congfratulate the author on the success of his endeavour to fill a void in English 

technical hteraturc."— A^a/«r*. 

Taper Making. 

THE ART OF PAPER MAKING : A Practical Handbook of the 
Manufacture of Paper from Rags, Esparto, Straw and other Fibrous Materials, 
Including the Manufacture of Pulp trom Wood Fibre, with a Description of 
the Machinery and Appliances used. To which are added Details of 
Processes for Recovering Soda from Waste Liquors. By Alexander Watt. 
With Illustrations. Crown 8vo, ys. 6d, cloth. 

" This book is succinct, lucid, thorougfhly practical, and includes everythingf of interest to the 
modem paper maker. It is the latest, most practical and most complete work on the paper-makings 
art before the British pubhc"— Paper Record. 

" It may be regarded as the standard work on the subject. The book is full of valuable in- 
formation. The ' Art of Paper-making,' is in every respect a model of a text-book, either for a 
technical class or for the private student."— /'tf/>*ra«rf Printing Trades journal. 

" Admirably adapted for general as well as ordinary technical reference, and as a handbook 
for students in technical education ma.y bn ymnaly commendo<i."—TAe Paper MaJker's AlofUhiy 
yournal. 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations of Tanning, Currying, and 
Leather Dressing are fully Described, the Principles of Tanning Explained 
and many Recent Processes introduced. By Alexander Watt, Author of 
" Soap-Making/' &c. With numerous Illustrations. Second Edition. Crown 
8vo, 95. cloth. 
"A sound, comprehensive treatise on tanning and its accessories. This book is an eminently 

valuable proauction, which redounds to the credit ot both author and publishers." — Chetnical 

Beview. 

"This volume is technical without bebig tedious, comprehensive and complete without being 

prosy, and it bears on every page the impress of a master hand. W^e have never come across a 

better trade treatise, nor one that so thoroughly supplied an absolute ytdSiV—Shoe and Leather 

Traded Chronicle, 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING. A Practical 

Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing and 

Making, with a Description of the most approved Machinery employed. 

By John B. Leno, late Editor of St. Crispin, and The Boot and Shoe-Maker. 

With numerous Illustrations. Third Edition. lamo, as. cloth limp. 

" This excellent treatise is by far the best work ever written on the subject. A new work, 

embracing all modem improvements, was much wanted. This want is now satisfied. The chapter 

on clicking, which shows now waste may be prevented, will save fifty times the price of the book." 

-Scottish Leather Trader. 

lyentistry. 

MECHANICAL DENTISTRY: A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Comprising also Use- 
ful Formulas, Tables and Receipts for Gold Plate, Clasps, Solders, &c. &c. 
By Charles Hunter. Third Edition, Revised. With upwards of zoo 
wood Engravings. Crown 8vo, 35. 6d. cloth. 
" The work is very practical."— Afb«rt^ Review of Dental Surg-ery. 

" Wo can strongly recommend Mr. Hunter's treatise to all students preparing for the profiession 
of dentistry, as welTas to every mechanical ditaXisX."— Dublin youmcUqf Medical Science, 

Wood Engraving. 

WOOD ENGRA VING : A Practical and Easy Introduction to the 
Study of the Art. By William Norman Brown. Second Edition. With 
numerous Illustrations. i2mo, 15. 6d. cloth limp. 

" The book is clear and complete, and will be useful to anyone wandng to understand the first 
elements of the beautiftU art of wood engraving.'—GraM^c. 



HANDYBOOKS FOR HANDICRAFTS. By PAUL N. HA8LUCK. 
Metal Turning. 

THE METAL TURNER*S HANDYBOOK. A Practical Manuat 
for Workers at the Foot-Lathe: Embracing Information on the Tools, 
Appliances and Processes employed in Metal Turning. By Paul N. Has- 
LucK, Author of " Lathe- Work." With upwards of One Hundred Illustra- 
tions. Second Edition, Revised. Crown 8vo, 25. cloth. 
" Clearly and concisely written, excellent in every ytaty."— Mechanical World, 

Wood Turning^ 

THE WOOD TURNER'S HANDYBOOK. A Practical Manual 
for Workers at ihe Lathe : Em bracing Inrorm^tion on tbe ToolSj Appliances 
and Processes Employed in Wood Turning. By Paul N. Hasluck, With 
upwards of One Kundr&d Illuslratjons. Crown Svor^i- clotb. 

'^ We recomiiKnd the book to fouTu; tumcnf and arrLatimrs. A niultitudj^ of wwtoiefl lUTV 
hitherto ^ujilit ill Tlin for * msmual of this special \nidiistrify"—MaAt^nuiii lVf>ri4* 

WOOD AND METAL TURNING. By P. N. Hasll^ck. 
(Beine the Two preCEdin i Vols, bouod together J 50Q pp , with upwards cf 
1Q0 JlIustjratiDiis, crown &vo^ 31^ Cd. doth, 

THE WATCH jfOBBEWS HANDYBOOK. A Practical Manual 
Off Chaningi Repairing and Adjusting. Embracing Information on tbe Tools, 
MaterisLlft, ApphancKii and Processes Employed in Watcbwork, By Paui, N» 
HaslucKh Witb upwards of One Hundred IllustrationSd Cri Svo, 2S. tloth. 
" AU youn^ persons cohhCcTiCd with the tr^iJe Slioulil iicquirfi and! Study tbJa CKCeU^nt, and ^t 
tilt Ujiie timet ^ncxpcfoiiivc wuulk.' '^Cieriffiiu^ii CArefi iii€* 

Clock He pairing, 

THE CLOCK JOBBER'S HANDYBOOK : A Practical Manual 
en Cleaning, Repairing and Adjmting, Embracing Information on tbe Tools, 
MaLerialSji Appliances and Processes E en ployed iu Clockwork. By Paul N. 
Hasluck. Witb upwards of 100 Illustri^tiona. Cr. Svo. rs^.xloth* 
** Of ti^^ttcn^bliG scftJcc to tiiosD cOitvinciicEii^ ihc tiAtii:." — drvtttiyy Stan^^nd 

WATCH AND CLOCK JOBBING, By P. N. Hasluck. 
(Being the Two preceding Vols, bound togetherO 3^j pp,j with upwards oi 
aoo IlltistrationSj crown 8vO, 35* 5d, cloth* 

:Fattem Making* 

THE PATTERN MAKER'S HANDYBOOK, A Practical 
Manual, embracing Informatics on th« Tools, Mater iz.ta a.Dd Appliances erti- 
ployed m Constructing Patterns for FoQuders, By Paul N. Hasluck. 
With One Hundred ^lustrations. Crown Svot«*c]otb. 
"This baniJy vnlmne cnnLilns limind information ot conslderabJi Tilue to itudtnt^ ajid 

Mechanical 3Ianipulation, 

THE MECHANICS WORKSHOP HANDYBOOK. A Practkai 
Manval on Mechanical Mampttltiiion, Embracing Information on various 
Handicraft Processes, with Useful Notes and Miscell^jieous Memoranda^ 
By PAtiL N. Hasluck, Crown S^-Oj 2S. clothe 

"It is aboolc *hich should he fcmnd in every *fCirltshopK aS Et L: (Ml* winch wiU be continually 
Tcrcrr&J to {<H ^ very ^teat a4UOUnt or btJIldard m{aima.tioa."^Safurifii^ Kcvtew. 

Model Engineering, 

THE MODEL ENGINEER'S HANDYBOOK : A Practical 
Manual on Modd Sienitt Engines, Embracing Information on the Tools, 
MateriAts and Processes Employed in iheir Construction. By Paul N. 
Hasluck^ With upwards of 100 [Dust rations. Crown Mvo^ 2s. cloth. 
"By carcfuU? g^inff through the work, amateTJrs mny pick up an cxcetlerit notioji of the can* 
itruction of /ull-^ed ^ca,iti 6ng%nei."^rtitcTaJihi£ ^ourMa^^ 

Cabinet Making » 

THE CABINET WORKER'S HANDYBOOK r A Practical 
Manual, embracing Information on the Tools, Materialii^ Appliances and 
Processes employed in Cabinet Work. By Paul N, HaslUce, Author of 
*' LathB Work," fltc. With upwards of soo IJ lustrations. Crown Svo, m. 

cloth . fC^JTf <7!t Mtrat^ 

'' TtK^rougjUy pncikal throufhouL Tfie aiDBtear wotkct la wood will find it i&oit itviiLL"— 



INDUSTRIAL AND USEFUL ARTS, 33 

Electrolysis of Goldf Silver, Copper, etc. 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
0/ Gold. Silver t Copper, Nickel, and other Metals and AU<^s. With descrip- 
tions ot Voltaic Batteries, Magneto and Dynamo-Electnc Machines, Ther- 
mopiles, and of the Materials and Processes used in every Department of 
the Art, and several Chapters on Electro- Metallurgy. By Alexander 
Watt. Third Edition, Revised and Corrected. Crown 8vo, 95. cloth. 
"Eminently a book for the practical worker in electro-deposition. It contains practical 

descriptions ot methods, processes and materials as actually pursued and used in the workshop." 

— Engineer. 

Electro^MetaUwrgy. 

ELECTRO'META LL URG Y ; Practically Treated. By Alexander 
Watt, Author of •• Electro-Deposition," &c. Ninth Edition, Enlarged and 
Revised, with Additional Illustrations, and including the most recent 
Processes. lamo, 4s. cloth boards. 

"From this book both amateur and artisan may learn everything necessary for the successfu 
prosecution of electroplating. "—/rv». 

Electroplating* 

ELECTROPLATING : A Practical Handbook on the Deposi- 
tion of Copper, Silver, Nickel, Gold, Aluminium, Brass, Platinum, &c. &c. 
With Descriptions of the Chemicals, Materials, Batteries and Dynamo 
Machines used in the Art. By J. W. Urquhart, C.E. Second Edition, with 
Additions. Numerous Illustrations. Crown 8vc 5s. cloth. 
" An excellent practical manual."— £ti£ineerifi£^. 
" An excellent work, giving the newest information."— /Ttfro/o^Va/ youmat, 

Electrotyping. 

ELECTROTYPING : The Reproduction and Multiplication of Print- 
ing Surfaces and Works of Art by the Electro-deposition of Metals, By J. W. 
Urquhart, C.E. Crown 8vo, 5s. cloth. 
'The book is thoroughly practical. The reader is, therefore, conducted through the leading 

aws of electricity, then through the metals used by electrotypers, the apparatus, and the depositing 

processes, up to the final preparation of the work."— yf r^ youmat 

Horology. 

A TREATISE ON MODERN HOROLOGY, in Theory and Prac- 
tice. Translated from the French of Claudius Saunier, by Julibn Trip- 
PLiN, F.R.A.S., and Edward Rigg, M.A., Assayer in the Royal Mint. With 
78 Woodcuts and 22 Coloured Plates. Second Edition. Royal 8vo, £2 25. 
cloth ; £2 105. half'Calf. 

" There is no horological work in the English language at all to be compared to this produc- 
tion of M. Saunier's for deamess and completeness. It is alike good as a guide for the student and 
as a reference for the experienced horologist and skilled workman."— //or<?/b^-tra/ youmal. 



' The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are indebted for the mechanical superiority over tneir English brethren 
—in fact, the Book of Books, is M. Saunier's * Treatise.' "— IVatchmaier, Jeweller and Silversmith. 



Watchmaking, 

THE WATCHMAKER'S HANDBOOK. A Workshop Com- 
panion for those engaged in Watchmaking and the Allied Mechanical Arts. 
From the French of Claudius Saunibr. Enlarged by Julien Tripplin, 
F.R.A.S., and Edward Rigg, M.A., Assayer in the Royal Mint. Woodcuts 
and Copper Plates. Third Edition, Revised. Crown 8vo, gs. cloth. 
" Each part b truly a treatise in itself. The arrangement is good and the language is clear and 
condse. It is an admirable uuide for the young ^■atciaaakKt."—Engi»uerinsr. 

" It is impossible to speak too highly of its excellence. It fulfils every requirement in a hand- 
book intended for the use of a woritman."— IVatch and Clockmaker. 

'* This book contains«n immense number of practical details bearing on the daily occupation 
of a watchmaker."— IVatchmaker and Metalworker (Chicago). 

Goldsmiths^ Work. 

THE GOLDSMITH *S HANDBOOK, By George E. Gee, 
Jeweller, &c. Third Edition, considerably Enlarged. i2mo, 35. 6d. cl. bds. 
*'A good, sovnd educator, and will be accepted as an tMthotity,"—J/orvl0£Uai youmal. 

Silversmiths* Work. 

THE SILVERSMITH'S HANDBOOK, By George E. Gee, 
Jeweller. &c. Second Edition, Revised, with numerous Illustrations, zamo, 
35. 6d. cloth boards. 

" Worken in the trade will speedily discover its merits when they sit down to study it."— 
EngHsh Mtchanie, 

♦** The above two works together, strongly half abound, price ys. 



Bread and Biscuit Baking, 

THE BREAD AND BISCUIT BAKER'S AND SUGAR- 
BOILER'S ASSISTANT. Including a large variety of Modern Recipes. 
With Remarks on the Art of Bread-making. By Robert Wells, Practical 
Baker. Second Edition, with Additional Recipes. Crown 8vo, 2s. cloth. 
" A large nuint)er of wrinkles for the ordinary cook, as well as the baktr."—Saturday Jfeview 

Confectionery. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE, 
For Hotels, Restaurants and the Trade in general, adapted also for FamilT 
Use. By Robert Wells, Author of •• The Bread and Biscoit Baker's and 
Sugar Boiler's Assistant." Crown 8vo, zs, cloth. 
" We cannot speak too highly of this really excellent work. In these days of keen competition 
our readers cannot do better than purchase this book."— ^a^ef j' Times. 

Ornamental Confectionery. 

ORNAMENTAL CONFECTIONERY : A Guide for Bakers, 
confectioners and Pastrycooks ; including a variety of Modem Recipes, and 
Remarks on Decorative and Coloured Work, With 129 Original Designs. 
By Robert Wells. Crown 8vo, 55. cloth. 

"A valuable work, and should be in the hands of every baker and confectioner. The illus 
trative designs are alone worth treble the amount charged for the whole work."— 5«i*«-f' Times. 

Flour Confectionery. 

THE MODERN FLOUR CONFECTIONER, Wholesale and 
Retail: Containing a large Collection of Recii>es for Cheap Cakes, Biscuits, 
&c. With Remarks on the Ingredients used in their Manufacture, &c. By 
R. Wells, Author of "Ornamental Confectionery," "The Bread and Biscuit 
Baker," " The Pastrycook's Guide," &c. Crown Svo, 2$. cloth. 

Laundry Work. 

LA UN DRY MANAGEMENT. A Handbook for Use in Private 
and Public Laundries, Including Descriptive Accounts of Modern Machinery 
and Appliances for Laimdry Work. By the Editor of "The Laundry 
Journal.^' With numerous Illustrations. Crown Svo, as. 6d. cloth. 

CHEMICAL MA NUFACTURES & COMMERCE. 

New Manual of Engineering Chemistry . 

ENGINEERING CHEMISTRY : A Practical Treatise for the 
Use of Analytical Chemists, Engineers, Iron Masters, Iron Founders, 
Students, and others. Comprising Methods of Analysis and Valuation of the 
Principal Materials used in Engmeering Work, with numerous Analyses, 
Examples, and Suggestions. By H. Joshua Phillips, F.I.C, F.C.S., 
Analytical and Consulting Chemist to the Creat Eastern Railway. Crown Svo, 
320 pp., with Illustrations, ids. 6d. cloth. \Just published, 

" In this work the author has rendered no small service to a numerous body of practical men. 

.... The analytical methods may be pronounced most satisfactory, being as accurate as the 

despatch required of engineering chemists permits."— CAem^ca/ News. 

Analysis and Valuation of Fuels. 

FUELS: SOLID, LIQUID AND GASEOUS, Their Analysis 
and Valuation. For the Use of Chemists and Engineers. By H. J. Phillips, 
F.C.S., Analytical and Consulting Chemist to the Great Eastern Railway. 
Crown Svo, 3s. 6d. cloth. * 

" Ought to have its place in the laboratory of every metalliurgical establishment, and wherever 
fuel is used on a large sc9le."—Chemicai News. 

" Cannot fail to oe of wide interest, especially at the present time."— .Kot/way News, 

Alkali TradCf Manufacture of Sulphuric Acid, etc 

A MANUAL OF THE ALKALI TRADE, including the 

Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. 

By John Lomas. 390 pages. With 232 Illustrations and Working Drawings. 

Second Edition. Royal Svo, £1 zos. cloth. 

"This book is written by a manufaicturer for manufacturers. The working details of the most 
approved forms of apparatus are given, and these are accompanied by no less than a^ wood en- 
gravings, all of which may be used for the purposes of construction."— Athetueum. 




AGRICULTURE, FARMING, GARDENING, etc. 
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ITie Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrous Analysis, Work- 
ing Examples, and Instructions for Making Apparatus. By Lieut. -Col. W. A. 
Ross, R.A. With 120 Illustrations. New Edition. Crown 8vo, 5s. 
"The student who ifoes through the course of experimentation here laid down will gain a 
better insifht into inorj^nic chemistry and mineralogy than if he had 'got up' any of the best 
text-books ot the day, and passed any number of examinations in their coateats.— Chemical News. 

Com/mercial Chemical Analysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA- 
LYSIS; or, Practical Instructions tor the determination oi the Intrinsic or 
Commercial Value of Substances used in Manufactures,Trades, and the Arts. 
By A. Normandy. New Edition by H. M. Noad, F.R.S. Cr. 8vo, 125.64. cl. 
"Essential to the analysts appointed under the new Act. The most recent results are given, 
and the work is well edited and carefully written."— Nature. 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. 
Edwards Wright, B.A. New Edition, much Enlarged. 

Dye^Wa/res and Colowrs. 

THE MANUAL OF COLOURS AND DYE-WARES: 

Properties, Applications. Valuation, Impuuties, and Sophistications. 

use of Dyersj Printers, Drysalters, Brokers, &c. By J. W. Slater. 

Edition, Revised and greatly Enlarged. Crown 8vo, 7s. 6d. cloth. 

"A complete encyclopaedia of the materia tinctorta. The information given respecting each 
article is fiill and precise, and the methods of determining the value of articles such as these, so 
liable to sophistication, are given with clearness, and are practical as well as valuable."— C/t^mw/ 
and Druggist. 

" There is no other work which covers precisely the same ground. To ^dents preparing 
or examinations in dyeing and printing it will prove exceedingly useful."— CA^mica/ News. 

Pigments. 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non-Permanency, and Adul- 
terations; Effects in Combination with Each Other and with Vehicles ^ and 
the most Reliable Tests of Purity. By H. C. Standage, Second Edition. 
Crown Svo, 25. 6d. cloth. 
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"This work is indeed mul/um-in-parvo, and we can, with good conscience, recommend it to 
all who come in contact with pigments, whether as makers, dealers or users."— Chemical Review. 

Gauging. Tables and Rules for Revenue Officers, 

Brewers, etc, 

A POCKET BOOK OF MENSURATION AND GAUGING : 
Containing Tables, Rules and Memoranda for Revenue Ofl&cers, Brewers, 
Spirit Merchants, Ac. By J. B. Mant (Inland Revenue). Second Edition, 
Revised. Oblong i8mo, 4s. leather, with elastic band. 

" This handy and useful book is adapted to the reauirements of the Inland Revenue Depart* 
ment, and will be a favourite book of reference." — Civilian. 

" Should be in the hands of every practical htewet."Srewers^ youmal. 



AGRICULTURE, FARMING, G ARDENING, etc. 

Tiyuatt and Bunrn^s Com^plete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. Including the Breeding, Rearing, and Feeding 
of Stock : Management of the Dairy, Culture and Management of Grass 
Land, and of Grain and Root Crops, &c. By W. Youatt and R. Scott 
Burn. An entirely New Edition, partly Re-wntten and greatly Enlarged, by 
W. Fream, B.Sc.Lond., LL.D. In medium Svo, about 1,000 pp. lln the press. 

Agricvltunral Fa^ts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrose McConnell, 
late Professor of Agriculture, Glasgow Veterinary College. Third Edition. 
Royal 32mo, 45. leather. 
" The most commete and comprehensive Note-book for Farmers and Farm Students that we 

have seen. It literally teems with mforraation, and we can cordially recommend it to all connected 

with agrcuilture."-A'<VT<* British Agriculturist. 
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Flour Manufacture, Milling, etc. 

FLOUR MANUFACTURE : A Treatise on Milling Science 
and Practice. By Priedrich Kick, Imperial Regierungsrath, Professor of 
Mechanical Technology in the Imperial German Polytechnic Institute, 
Prague. Translated from the Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powlbs, A.M.I.C.E. Nearly 400 pp. Illustrateo 
with 28 Folding Plates, and 167 Woodcuts. Royal 8vo, 25s. cloth. 
" This valuable work is, and wUl remain, the standard authority on the science of milling. > . 
The miller v/ho has read and digested this work will have laid the foundation, so to speak, oT a suc- 
cessful career ; he will have acquired a number of general principles which he can proceed to 
apply. In this handsome volume we at last have the accepted text-book of modem millmgingood. 
sound English, which has little, if any, trace of the German idiom."— T^A^ Miller. 

" The appearance of this celebrated work in English is very opportime, and British millers 
will, we are sure, not be slow in availing: themselves ofits pages."— il/i^rj' Gaxette, 

Small Farming. 

SYSTEMATIC SMALL FARMING; or, The Ussons of my 
Farm. Being an Introduction to Modern Farm Practice for Small Farmers 
in the Culture of Crops ; The Feeding of Cattle ; The Management of the 
Dairy, Poultry and Pigs, &c. &c. By Robert Scott Burn, Author of " Out- 
lines of Landed Estates' Management." Numerous lUusts., cr. 8vo, 6s. cloth. 
"This is the completest book of its class we have seen, and one which every amateur farmer 
will read with pleasure and accept as a gmde."— Field. 

" The volume contains a vast amount of useful information. No branch of farming is left 
untouched, from the labour to be done to the results achieved. It may be safely recommended to 
aU who think they will be in paradise when they buy or rent a three-acre {axTa."—Glas£-aw Herald. 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops— Farming and Farming Economy— Cattle, Sheep, 
and Horses — Management of Dairy, Pigs and Poultry — Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Edition. In One Vol., 1,250 pp., half- 
bound, profusely Illustrated, 12s. 

" The aim of the author has been to make his work at once comprehensive and trustworthy, 
and in this aim he has succeeded to a degree which entitles him to much credit."— Aforfting^ 
Advertiser. ♦• No fanner should be without this hook."'^San6ury Guardian. 

Agricvltwral Engineering, 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF. 
Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm 
Roads, Fences, and Gates ; Farm Buildings, their Arrangement and Con- 
struction, with Plans and Estimates; Bam Implements and Machines; Field 
Implements and Machines ; Agricultural Surveying, Levelling, &c. By Prof. 
John Scott, Editor of the '• Farmers' Gazette," late Professor of Agriculture 
and Rural Economy at the Royal Agricultural College, Cirencester, &c* &c. 
In One Vol., 1,150 pages, half-bound, with over 600 Illustrations, 12s. 
"Written vdth great care, as well as \Hth knowledge and ability. The author has done Us 

work well ; we have found him a very trustworthy guide wherever we have tested his statements. 

The volume will be of great value to agricultural students."— J/af>( Lane Express. 

"For a young agriculturist we know of {no handy volume lUcely to be more usefully studied. 

^BeWs fVeeily Melsen^er. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN: A Text-Book of 
Agriculture, adapted to the Syllabus of the Science and Art Department 
For Elementary and Advanced Students. By Hugh Clements (Board of 
Trade). Second Ed., Revised, with Additions. iSmo, 2S. 6d. cl. 
"A most comprehensive volume, giving a mass o{iDformation."—A£'riculturaI Economist. 
" It is a long time since we have seen a book which has pleased us more^ or which contains 
such a vast and useful fund of knovfledge."— Educational Times. 

Tables for Farfners, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 

for Farmers, Graziers, Agricultural Students, Surveyors, Land Agents Auc- 
tioneers, etc. With a New System of Farm Book-keeping. Selected and 
Arranged by Sidney Francis. Second Edition, Revised. 27a pp., waist- 
coat-pocket size, IS. 64. limp leather. 

" Weighing less than i oz., and occupying no more space than a match box, it contains a rnst^ 
of facts and calculations which has never before, in such handy form, been obtainable. Every 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole ot 
the tables having been revised by Dr. Fream. We cordially recommend it."— ^^j Weekly 
Messenger. 

" A marvellous little book. . . . The agriculturist who possesses himself of it will not be 
disappointed with his investment. "— T/te Farm. , 
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Farm and Estate Book-keeping. 

BOOK-KEEPING FOR FARMERS & ESTATE OWNERS. 
A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. ByJoHNsoN M. Woodman, Chartered Accountant. Second 
Edition, Revised. Cr. 8vo, 35. 6d. cl. bds. ; or 2S. 6d. cl. limp. 
" The volume is a capital study of a most important sahjecL"—^£ricMUural Gazette. 
"Will be found of great assistance by those who intend to commence a system of book-keep* 
n£, the author's examples being dear and explicit, and his explanations, while full and accurate, 
being to a large extent free from technicalities."— Zyzv Stock youmal. 

Farm Account Book. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 
a Weekly Labour Account and Diary, and showing the Income and Expen- 
diture under each Department of Crops, Live Stock, Dairy, &c. &c. With 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
Year, and an Appendix of Forms. Ruled and Headed for Entering a Com- 

Slete Record ot the Farming Operations. By Johnson M. Woodman, 
bartered Accountant. Polio, 75. 6d. half bound. icuUure. 

"Contains every requisite form for- keeping form accounts readily and accurately."— .rf^r* 

Early FrtUts, Flowers and Vegetables. 

THE FORCING GARDEN; or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building Glass- 
houses. Pits and Frames. By Samuel Wood. Crown 8vo, 3s. 6d. cloth. 
" A good book, and fiairly fills a place that was in some d^free vacant. The book is written with 

great care, and contains a great deal of valuable teaching."— Gardeners' Magajtine. 

" Mr. Wood's book is an original and exhaustive answer to the question ' How to Grow Early 

Fruits, Ftowers and Vegetables V "—Land and Water, 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to Grow 

Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, 
Seeds, Planting, Laying-out of Gardens and Grounds, &c. By S. Wood. 
Fourth Edition, with numerous Illustrations. Crown 8vo, 35. 6d. cloth. 
"A very good book, and one to be his^y reconunended as a practical guide. The practical 
directions are exctUeD.t."—j4themtMm. 

" May be recommended to young gardeners, cottagers, and specially to amateurs, for the 
plain, simple, and trustworthy ixuormatioQ it gives on common matters too often neglected."— 
Gardeners' Chronicle. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING: or, How to make One 
Acre of Land produce £620 a-year by the Cultivation of Fruits and Vegetables ; 
also, How to Grow Flowers in Three Glass Houses, so as to realise £176 per 
annum clear Profit. By S. Wood. Fifth Edition. Crown 8vo, 15. sewed. 
"We are bound to recommend it as not only suited to the case of the amateur and ge nt l em an's 
gardener, but to the market grower." — Gardeners' Mt^gvMtne. 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateurs' Complete Guide. By S. Wood. With lUusts. Cr.Svo, 35. 6d, cl. 

" This volume contains a good deal of sound, common sense instruction."— F&rW. 

" Fun of shrewd hints and useful instructions, based on a lifetime of experience."— sS<a0<:nwa». 

Receipts for Gardeners. 

GARDEN RECEIPTS. By C. W. QuiN. i2mo, is. 6d, cloth. 

"A useful and handy book, containing a good deal of valuable information. "—.^Mmmtimm. 

Market Gardening. 

MARKET AND KITCHEN GARDENING. By Contributors 
to "The Garden.'* Compiled by C. W. Shaw, late Editor of ''Gardening 
Illustrated." lamo, 3s. 6a. cloth boards. 
" The most valuable compendium of kitchen and maricet-garden work published."— /^((rmer. 

Cottage Gardening. 

COTTAGE GARDENING: or, Flowers, Fruits, and Vegetables for 
Small Gardens, By B. Hobday, zamo, is, 6d, cloth limp. 

Fotato Culture. 

POTATOES : How to Grow and Show Them. A Practical Guide 
to the Cultivation and General Treatment of the Potato. By Jambs Pink. 
Second Edition. Crown 8vo, 2s. cloth. 
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LAND AND ESTATE MANAGEMENT, LAW, etc. 



Hudson^s Land Valuer's Pocket-Book. 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 

on a very much Improved Plan, for Calculating the Value of Estates. With 
Tables for reducing^Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, C.E. New Edition. Royal 32mo, leather, 
elastic band, 4s. 

"This new edition includes tables for ascertainingf the value of leases for any term of years ; 
and for showins^ how to lay out plots of eround of certain acres in forms, square, round, &c^ with 
valuable rules for ascertaminfir the probable worth of standin^^ timber to any amount; and is of 
incalculable value to the country gentleman and professional man."~-Farm€rs journal, 

Ewart'8 Land Ivnprover's ^Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULM, 
TABLES and MEMORANDA required in any Computation relating to the 
Permanent Improvement of Landed Property. By John Ewart, Land Surveyor 
and Agricultural Engineer. Second Edition, Revised. Royal 32mo, oblong, 
leather, gilt edges, with elastic band, 45. 
** A compendious and handy little volume."— ^^dioATr. 

Complete Agricultwrdl Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK. Consisting of the above Two Works bound to- 
gether. Leather, gilt edges, with strap, 7s. 6<<. 

" Hudson's book is the best ready-reckoner on matters relating to the vahiation of land and 
crops, and its combination with Mr. Ewart's work ereatly enhances ue valAe and usefulness of the 
latter-mentioned. ... It is most useful as a manuu for reference."— A''(9rrA <if England Farmer. 

Auctioneer's Assistant. 

THE APPRAISER, A UCTIONEER, BROKER, HOUSE AND 
EST A TE A GENT AND VAL UER'S POCKET A SSISTA NT, tor the Valua- 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Prices for Inventories, &c. Bv John Whbblbr, 
Valuer, &c. Fifth Edition, re- written and greatly extended by C. N orris, 
Surveyor, Valuer, &c. Royal ssmo, 5s. cloth. 

" A neat and concise book of reference, containing an admirable and deariy-arransed list of 

prices for inventories, and a very practical guide to determine the value of fuxxdtvaetAc."— Standard. 

" Contains a laige quantity of varied and useful information as to the valuation for purchase, 

sale, or renewal of leases, annuities and reversions, and of property generally, with prices for 

Inventories, and a |fuide to determine the value of interior fittings and other tSects."—BuUtt€r, 

Auctioneering. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. By Robert 
Squibbs, Auctioneer. Second Edition, Revised and partly Re- written. Demy 
8vo, Z25. 6d, cloth. 

"The position and duties of auctioneers treated compendiously and deariy."— A<<6<rr. 

"Every auctioneer oui^t to possess a copy of this excellent work."— /rvwmoftfvr. 

" Of great value to the profession. . . . We readily welcome this book from the fiict that It 
treats the subject in a manner somewhat new to the ^xofsssiou.*'— Estates GoMette. 

Legal Guide for Pawnbrokers. 

THE PAWNBROKERS', FACTORS' AND MERCHANTS' 
GUIDE TO THE LAW OF LOANS AND PLEDGES. With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal, 
as to Loans and Pledges of Goods, Debentures, Mercantile and other Se- 
curities. By H. C. FoLKARD, Esq., Barrister-at-Law, Author of *' The Law 
of Slander and Libel," &c. Witn Additions and Corrections. Fcap. 8vo, 
3s. 6d. cloth. 
" This work contains simply everything that requires to be known concerning the department 

of tiie law of which it treats. We can safely commend the book as unique and very nearly pwfiBct" 

—Iron. 

"The task undertaken by Mr. FoDcard has been very aathfiictorlhr performed. . . . Such ex* 

planations as are needful have been supplied with great deamess and with due regard to brevity." 

aty Press. 
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liaw of Talents. 

PATENTS FOR INVENTIONS, AND HOW TO PROCURE 
THEM, Compiled for the Use of Inventors, Patentees and others. By 
G. G. M. Haroingham, Assoc.Mem.Inst.C.E., &c. Demy 8vo, cloth, price 

25.64. 

Metropolitan Beating Appeals. 

REPORTS OF APPEALS HEARD BEFORE THE COURT 
OF GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 1885. 
By Edward Rydb and Arthur Lyon Rydb. Fourth Edition, brought down 
to the Present Date, with an Introduction to the Valuation (Metropolis) Act, 
x86q, and an Appendix by Walter C. Rydb, of the Inner Temple, Barrister* 
at-Law. 8vo, xos. cloth. 

" A useful work, occupyinsf a place mid-way between a handbook for a lawjrer and a guide to 
the surveyor. It is compiled by a gentleman eminent in his profession as a land agent, whose spe- 
cialty, it is acknowledged, lies i the direction of assesshig property for rating pvxposes."—£Mnd 
Agents Rccortt, 

" It is an indispensable work of reference for all engaged in assessment business."— 'y^^'"^ 
«^ Gas Lighting. 

Hotise Property. 

HANDBOOK OF HOUSE PROPERTY. A Popular and Practi- 
cal Guide to the Purchase, Mortgage, Tenancy, and compulsory Sale of 
Houses and Land, including the Law of Dilapidations and Fixtures ; with 
Examples of all kinds of Valuations, Useful Information on Building, and ' 
Suggestive Elucidations of Fine Art. By E. L. Tarbuck, Architect and 
Surveyor. Fourth Edition, Enlarged, xsmo, 55. cloth. 
" The advice is thoroue^y practical "—Z^iw ycumai. 

' For all who have deaUngs with house proper^, this is an indispensable gmiSM."— Decoration. 
"Carefully brought up to date, and much improved by the addition of a division on fine art. 
" A well-written and thoughtful work."— X^m/ Agtt^s Record. 

InwooiVs Instate Tables. 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, 
Copyhold, or Leasehold; AnnuituStAdvowsoHi,etc.,and for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodies, 
for Terms of Years certain, and for Lives \ sdso for Valuing Reversionary 
Estates, Deferred Annuities, Next Presentations, &c. ; together with Smart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. Inwood. 23rd Edition, with considerable 
Additions, and new and valuable Tables of Logarithms for the more Difficult 
Computations of the Interest of Money, Discount, Annuities, &c. , by M. F^dor 
Thoman, of the Soci^t^ Credit Mobilier of Paris. Crown 8vo, 85. cloth. 
*'Those interested in the purchase and sale <^ estates, and in the adjustment of compensation 

cases, as well as in transactions in annuities, life insurances, ftc, will find the present edition of 

eminent 8crri<x."—Eneineerifig, 

" ' Inwood's Tables ' still maintain a most enviable reputation. The new issue has been enriched 

by large additional contributions by M. Fedor Theman, whose carefuUly arranged Tables cannot 

fail to be of the utmost uti&ty."— Mining yottmal, 

AgrictUtural and Tenant-Might Valuation. 

THE AGRICULTURAL AND TENANT-RIGHT-VALUER^S 
ASSISTANT, A Practical Handbook on Measuring and Estimating the 
Contents, Weights and Values of Agricultural Produce and Timber, the 
Values of Estates and Agricultural Labour, Forms of Tenant-Right- Valua- 
tions, Scales ot Compensation under the Agricultural Holdings Act, 1883, 
&c. &c. By Tom Bright, Agricultural Surveyor. Crown 8vo, 3s. 6d. cloth. 
" Full of tables and examples in connection with the valuation of tenant-right, estates, labour, 

contents, and weights of timber, and farm produce of all idads."—AgricuUurai Gamette. 

" An eminently practical handbook, full of practical Ubles and data of undoubted interest and 

value to surveyors and auctioneers in preparing valuations of all kiads.'— Farmer. 

Plantations and Underwoods. 

POLE PLANTATIONS AND UNDERWOODS: A Practical 
Handbook on Estimating the Cost of Forming, Renovating, Improving and 
Grubbing Plantations and Underwoods, their Valuation for Purposes of 
Transfer, Rental, Sale or Assessment. Bv Tom Bright, F.S.Sc, Author of 
"The Agricultural and Tenant-Right-Valaer's Assistant," &c. Crown 8vo, 
3S. 6d. cloth. \Ji*st published, 

" Will be found very useful to those who are actually engaged in managing vfood."—SeWs 

fyitekly Messenger. 

•* To valuers, foresters and agents it will be a welcome aid."— North British AgrtcuUurist, 
"Well calculated to asdst the valuer in the discharge of his duties, and of undoubted interest 

and use both to surveyors and auctioneers in preparing valuations of all )K.vads."—Ke»t Herald. 



4d CROSBY LOCKWOOD <Sr* SON'S CATALOGUE. 

A Complete Epitome of the Laws of this Country. 

EVERY MAN'S OWN LAWYER: A Handy-Book of the 
Principles of Law and Equity. By A Barrister. Twenty-eighth Edition. 
Revised and Enlarged. Including the Legislation of 1890, and including 
careful digests of The Bankruptcy Act, 1890; the Directors* Liability Act, 
1890; the Partnership Act, 1890 ; the Intestates' Estates Act, 1890; the Settled 
Land Act, 1890 ; the Housing of the Working Classes Act, 1800; the Infectious 
Disease (Prevention) Act. 1890; the Allotments Act, 1890; the Tenants* Com- 
pettsation Act, 1890; and the Trustees' Appointment Act, 1890; while other 
new Acts have been duly noted. Crown 8vo, 688 pp., price 6s. Sd. (saved at 
every consultation I ), strongly bound in cloth. [Ji*st published, 

VTHE BOOK WILL BE FOUND TO COMPRISE (AMONGST 
OTHER MATTER)— 

THE RIGHTS AND WRONGS OF INDIVIDUALS— LANDLORD AND TENANT— VENDORS 
AND PURCHASERS— PARTNERS AND AGENTS— COMPANIES AND ASSOCIATIONS— MASTERS, 
SERVANTS AND WORKMEN— LEASES AND MORTGAGES— CHURCH AND CLERGY, RITUAL 
—LIBEL AND SLANDER— CONTRACTS AND AGREEMENTS -BONDS AND BILLS OF SALE— 
CHEQUES, BILLS AND NOTES-RAILWAY AND SHIPPING LAW— BANKRUPTCY AND IN- 
SURANCE—BORROWERS, LENDERS AND SURETIES— CRIMINAL LAW— PARLIAMENTARY 
ELECTIONS— COUNTY COUNCILS— MUNICIPAL CORPORATIONS— PARISH LAW, CHURCH- 
WARDENS, ETC.- INSANITARY DWELLINGS AND AREAS— PUBLIC HEALTH AND 

NUISANCES— Friendly and Building societies— Copyright and Patents— Trade 
Marks and Designs— Husband and Wife, Divorce, etc.— Trustees and Execu- 
tors-Guardian and Ward, infants, etc.— Game Laws and sporting-Horses, 
Horse-dealing and dogs— Innkeepers, Licensing, etc.— Forms of Wills, 
Agreements, etc etc. 

Note. — The object of this work is to enable those who consult it to help them- 
selves to the law; and thereby to dispense, as far as possible, with professional 
assistance and advice. There are many wrongs and grievances which persons sub- 
mit to from time to time through not knowing how or where to apply for redress ; and 
many persons have as great a dread of a lawyer*s office as of a Iton^s den. With this 
book at hand it is believed that many a Six-and-Eightpence may be saved ; many 
a wrong redressed; many a right reclaimed; many a law suit avoided; and many 
an evil abated. The work has established itself as the standard legal adviser of aU 
classes, and also made a reputation for itself as a useful book of reference for lawyers 
residing at a distance from law libraries, who are glad to have at hand a work em- 
bodying recent decisions and enactments. 

%* Opinions of the Press. 

" It is a complete code of English Law, written in plain language, which all can understand. 
. . Should be in the hands of every business man, and aU who wish to abolish lawyers' bills.'*— 
H'eekly Times, 

" A useful and concise epitome of the law, compiled with considerable caxe."—Leno Magazine. 

"A complete digest of the most useful facts which constitute English law.'— Globe. 

"This excellent handbook. . . . Admirably done, admitably arranged, and admirably 
cheap."— Z,«<ir Mercury. 

' A concise, cheap and complete epitome of the English law. So plainly written that he who 
runs may read, and he who reads may understand."— Figaro. 

•• A dictionary of legal facts well put together. The book is a very useful one.'— Spectator. 

" A work which has long been wanted, which is thoroughly well done, and which we most 
cordially xecoxamtoA."— Sunday Times. 

" The latest edition of this popular book ought to be in every business establishment, and on 
every library taXAe."— Shield Post. 

Private BiU Legislation and Provisional Orders. 

HANDBOOK FOR THE USE OP SOLICITORS AND EN- 
GINEERS Engaged in Promoting Private Acts of Parliament and Provi- 
sional Orders, for the Authorization of Railways, Tramwavs, Works for the 
Supply of Gas and Water, and other undertakings of a like character. By 
L. Livingston Macassey, of the Middle Temple, Barrister-at-Law, and 
Member of the Institution of Civil Engineers ; Author of " Hints on Water 
Supply.'' Demy 8vo, 950 pp., price 25s. cloth. 

" The volume is a desideratmn on a subject which can be only acciuired by practical experi- 
ence^ and the order of procedure in Private Bill Legislation and Provisional Orders is foUowed. 
The author's suggestions and notes will be foimd of great value to engineers and others profession« 
ally engaged in this class of practice." '-Bui/ding News. 

" The author's double experience as ah engineer and barrister has eminently qualified him for 
. J -_-,_. ^j ._. _ ^_ .- ^, ...^ _.M_^ ^ ._^ engineering and legal point of 

id lawyers engaged in promoting 
Government Chroniae. 

ogdbn, smale and CO. limited, printers, great saffron hill, e.g. 



%J%£%V^4^ J9 iai^\^^\l%\\^l\\i%KfJ ^KK\Kl>* 



LONDON, 1862, 
THE PRIZE MEDAL 

Wai awarded to the Publishers of 

"WEALE'S SERIES." 





A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFICjEDUCATIONAL, 
AND CLASSICAL. 

Comprising nearly Three Hundred and Fifty distinct works in almost every 
department of Science^ Art^ and Education^ recommended to the notice o f EngineerSt 
Arckitects^uildei^^rtisan^^ as well as to thoseTuieresiSt 

n! ^^or^tMf?TT7Srv^es^Ttierar^cm(e^^cte^ Colleges^ Schools^ 

Science Classes, ^^!^^^™^^™'''^^^^^^^""^™ — a^»^-^^^^»i"^^ 

1^" •• WEALE'S SERIES includes Text-Books on almost every branch of 
Science and Indusixy, comprising such subjects as Agriculture, Architecture 
and Building, Civil Engineering, Fine Arts, Mechanics and Mechanical 
Engineering, Physical and Chemical Science, and many miscellaneous 
Treatises. The whole are constantly under^oin^ revision, and new editions, 
brought up to the latest discoveries in scientific research, are constantly 
issued. The prices at which they are sold are as low as their excellence is 
assured." — American Literary Gazette. 

" Amongst the literature of technical education, Wbalb's Sbribs has ever 
enjoyed a high reputation, and the additions being made by Messrs. Crosby 
LocKWOOD & Son render the series more complete, and bring the informa- 
tion upon the several subjects down to the present time." — Mining Journal, 

" It is not too much to say that no books have ever proved more popular 
with, or more useful to, young engineers and others than the excellent 
treatises comprised in Wbalb's Sbribs." — Engineer, 

" The excellence of Wbalb's Sbries is now so well appreciated, that it 
w<|ild be wasting our space to enlarge upon their general usefulness and 
yaiae."— Builder, 

"The volumes of Wbalb's Series form one of the best collections of 
elementary technical books in any language." — Architect. 

" WEALE'S SERIES has become a standard as well as an unrivalled 
collection of treatises in all branches of art and science." — Public Opinion, 




PHILADELPHIA, 1876. 
THE PRIZE MEDAL 

Was awarded to the Publishers for 

Books : Badimentary, Seientific, 
"WEALE'S SERIES," ETO. 




CROSBY LOCKWOOD & SON, 

7, STATIONERS' HALL COURT, LUDGATE HILL, LONDON, 



E.G. 



WEALE'S BUDIMENTABT SCIENTIFIC SEBIES. 




*«* The volumes of this Series are fredv niastrated witii 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that the books are bound in 
limp clotii, unless otherwise stated; but the volumes marked 
with a X ftuty also be had strongly bound in clcth boards for 6d. 
extra, 

N.B.^In ordering from this List it is recommended, as a 
means of facilitating business and obviating error, to quote the 
numbers affixed to the volumes, as toell as the titles and prices. 



CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.R.I.B.A., and G. R. Burnbll, C.E. Revised Edition. With a New 

Appendix on the Qualities of Water. Illustrated. 2s. 
35. THE BLASTING AND QUARRYING OF STONE, for 

Building and other Purposes. By Gren. Sir J. Bdrgoynb, Bart. is. 6d. 

43. TUBULAR, AND OTHER IRON GIRDER BRIDGES, par^ 

ticttlarly describing the Britannia and Conway Tubular Bridges. By G. 
Drysdalb Dbmpsby, C.E. Fourth Edition. 2s. 

44. FOUNDATIONS AND CONCRETE WORKS, with Practical 

Remarks' on Footinn, Sand, Concrete, B6ton, Pile-driving, Caissons, and 
Cofferdams, &c. By £. Dobson. Fifth Edition. xs.6d. 
6a LAND A^D ENGINEERING SURVEYING. By T, Baker, 
C.E. Fourteenth Edition, revised by Professor J. R. Young. 2S.t 
80*. EMBANKING LANbS FROM THE SEA, With examples 
and Particulars of actual Embankments, &c. By J. Wiggins, F.G.S. ss. 
81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water, &c. By S. HuGHBS, C.E. New Edition. 4s4 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 
of. By David Stbvbnson, F.R.S.E., &c. Plates and Diagrams. 3s. 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 
WORKS. By Francis Campin, C.E. as. 6d.t 

197. ROADS AND STREETS, By H. Law, C.E., revised and 
enlarged by D. K. Clark, C.E., including pavements of Stone, Wood, 
Asphalte, &c. a%. 6d.t 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. ByC.SLAGG,A.M.I.C.E. Revised Edition, is.* 

112. GAS-WORKS, THEIR CONSTRUCTION AND ARRANGE^ 
MENTi and the Manufacture and Distribution of Coal Gas. Originally 
written by Samubl Hughbs. C.E. Re-written and enlarged by Williaii 
Richards, C.E. Seventh Edition, with impcMrtant additions, ss. 6d.} 

213. PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst C.E. 4s. 6^X 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 
Practical Treatise on the Strains, Designing, aijd Erection of Works of Con- 
struction. By Francis Campin, C.E. Second Edition, revised. 3s.t 

219. CIVIL ENGINEERING. By Henry Law, M.Inst. C.E. 
Including Hydrauuc Enginbbring by Gbo. R. Burnbll, M.Inst. C.E. 
Seventh Edition, revised, with large additions by D. Kinnbar Ciark. 
M.Inst. C.E. 6s. 6d.. Cloth boards, 7s. 6d. 

268. THE DRAINAGE OF LANDS, TOWNS, 6* BUILDINGS, 
. By G. D. Dbmpsey, C.E. Revised, with large Additions on Recent Pfactice 
in Drainstge Engineering, by D. Kinnbar Clark, M.I.C.E. Second Edition, 
. Corrected. 4»- 6d.t [Just jtublished. 

§Sr The t indicates that these vols* may be had strongly bound at 6d extra, 
I^NDON: CROSBY LOCKWOOD AND SON, 



MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other Machmery for Raising 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustratod. is»6d. 

34. THE STEAM ENGINE. By Dr. Lardner. ninstrated. I8.6d. 
59. STEAM BOILERS: their Construction and Management By 

R. Armstrgno, C.E. Illustrated, is. 6d. 
8a. THE POWER OF WATER, as appUed to drive Flour Mills, 

and to nve motion to Turbines. &c. By Joseph Glynn, F.R.S. 2s.$ 
98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T.Baker, C.E. With Additions by J. Nasmyth, C.B. as. 6d.^ 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theoiy 

of, with Rules and Examples for Practical Men. By T. Bakbr, C.E. zt. 6d. 

164. MODERN WORKSHOP PRACTICE, as aw)lied to Steam 

Engines, Bridges, Sbip-building, Cranes, &c By T. G. Wnrroif. Fourth 
Edition, much enlarged and carefully revised. 3s. od.^ [Just published, 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Girders. By J. Armour. 28. 6d.l 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular ForceA. Bv J. Armour, tm.X 

171. THE WORKMAN'S MANUAL OP ENGINEERING 

DRAWING. ByJ.MAXTON. 6th Edn. With 7 Plates and 350 Cuts. 38. 6d.t 

190. STEAM AND THE STEAM ENGINE, Stotionary and 

Portable. Being an Extension of the Elementary Treatise on the Steam 

Ennne of MrO^ohn Sewell. By D. K. Clark, M.I.C.E. 3s. 6d.| 

200. Fuel, its Combustion and Economy. By C. W. Williams. 

Vfiih Recent Practice in the Combustion and Economy of Fuel — Coal, Coke 

Wood, Peat, Petroleum. 8tc.— by D. K. Clark, M.I.C.E. 3s. 6d.» 
202. LOCOMOTIVE ENGINES. By G. D. Dbmfsey, C.E. ; with 

laive additions by D. Kinnbar Clark, M.I.C.E. 3s.t 
211. THk BOILERMAKER'S ASSISTANT in Drawing, Tern- 

plating, and Calculating Boiler and Tank Work. By John Courtnsy. 

Practical Boiler Maker. Edited by D. K. Clark, C.E. xoo Illustrations. 2s, 
217. SEWING MACHINERY: Its Construction, History, &c., with 

full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. as.l ■ 
223. MECHANICAL ENGINEERING. Comprising Metallurgy, 

Moulding, Cisting, Fornng, Tools, Workshop Machinery. Manufuture of 

the Steam Engine, &c By Francis Camfin, C.E. Secoa^ Edition. 2s. 6d.t 

236. DETAILS OF MACHINERY. Comprising Instructioiis for 

the Execution of various Works in Iron. By Francis Campzn,'C.E. 3S.I 

237. THE SMITHY AND FORGE; including the Farrier's Art and 

Coach Smithing. By W. J. E. Crane. Illustrated. 2s. 6d.t 

238. THE SHEETMETAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 94 Diagrams and 
Working Patterns. By W. J. E. Crane. Second Edition, revised, is. 6d. 
251. STEAM AND MACHINERY MANAGEMENT: with Hints 
on Construction and Selection. By M. Powis Bale, M.I.M.E. 2S. 6d.^ 

254. THE BOILERMAKER'S READY-RECKONER. By J. 

Courtney. Edited by D. K. Clark, C.E. 4s., limp ; 5s., half-bound. 

255. LOCOMOTIVE ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Locomotive Engines. By Michabl RbynolqjV M JS.S 
Eignth Edition. 3s. 6d., limp ; 4s. 64: cloth boards. 
t^(i. STATIONARY ENGINE-DRIVING. A Practical Manual 

Engineers in charge of Stationary Engines. By Mic«asl Rbtnolbs, M.S.S. 
Third Edition. 3s. 6d. limp : 4» 6d. cloth boards. 

260. IFt>N BRIDGES QF MODERATE SPAN: their Construc- 
tion and Erection. By Hamilton W. Pendred, C.E. 2s. 

t8r The X ntdicates thai t htse vols, may be had strongly bound mi 6d, ex t m. 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.C. 



MINING, METALLURGY, ETC. 
4. MINERALOGY^ Rudiments of; a concise View of the General 
Properties of Minerals. By A. Ramsay, F.G.S., F.R.G.S., &c. Third 
Edition, revised and enlarged. Illustrated. 3s. 6d4 * 

117. SUBTERRANEOUS SURVEYING, with and without the Mag- 
netic Needle. By T. Fbnwick and T. Baker, CE. Illustrated, as. 6d. » 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 
ander Watt. Ninth Edition, enlarged and revised, with additional Ulns- 
trations, and including the most recent Processes. 3s. 6d.t 

172, MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans. 2s. 6d. 
I72». MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. 

176. METALLURGY OF IRON. Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By U. Baubrman, F.G.S. Sixth Edition, 
revised and enlarged. 5s.^ \Just published, 

i8o. COAL AND COAL MINING. By the late Sir Warington W. 
Smyth, M.A., F.R.S. Seventh Edition, revised. 3s. 6d.» \_Jmi published. 

195. 7 HE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE. By W. Lintbrn, M.E. Third Edition, including Mag- 
netic and Angular Surveying. With Four Plates. 3s. 6d.t 

J 14. SLATE AND SLATE ^C/"^^^ F/A^^^, Scientific, Practical, and 
Commercial. By D. C. Davibs, F.G.S., Mining Engineer, &c. ys.X 

164. A FIRST BOOK OF MINING AND QUARRYING, with the 

Sciences connected therewith, for Primary Schools and Self Instructaoa. By 
J. H. Collins, F.G.S. Second Edition, with additions, is. 6d. 



ARCHITECTURE, BUILDING, ETC. 
i6. ARCHITECTURE— ORDERS— The Orders and their -^Ssthetic 

Principles. By W. H. Lebds. Illustrated, is. 6d. 
17. ARCHITECTURE—STYLES— Tht History and Description of 
the Styles of Architecture of Various Countries, from the Earliest to Uie 
Present Period. By T. Talbot Bury, F.R.I.B.A^ &c. Illustrated. 28. 
%* Orders and Stylbs of Architbcturb, in One Vol., 3^ . 6d. 
i8. ARCHITECTURE— DESIGN— The Prmciples of Design in 
Architecture, as deducible from Nature and ezemplincd in the Works of the 
Greek and Gothic Architects. BvE.L.Garbett, Architect. Illustrated. 2s.6d. 
k* The three precedinz Works, in One handsome Vol., half hound, entitled 
** Modern Architbcturb," price 6sp 

22. THE ART OF BUILDING, Rudiments of. General Principles 
of Construction, Materials used in Building^ Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By E. Dobson, 28.1 

25. MASONRY AND STONE CUTTING : Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Con- 
struction. By Edward Dobson, M.R.I.B.A., &c. ss. 6d.$ 

42. COTTAGE BUILDING. By C. Bruce Allkn, Architect 
Tenth Edition, revised and enlarged. With a Chapter on Economic Cottages 
for Allotments, by Edward E. Axlbn, C.E. 2s. 

4^. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS^ 
PLASTERING, &c. By G. R. Burnell, C.E. Thirteenth Edition, is. 6d. 

57. WARMING AND VENTILATION. An Exposition of the 
General Principles as applied to Domestic and Public Buildings, Mines, 
Lighthouses, Ships, &c. By C. Tomlinson, F.R.S., &c. Illustrated, js. 
III. ARCHES, PIERS, BUTTRESSES, &*c.: Experimental Essays 
on the Principles of Construction. By W. Bland. Illustrated, is. 6d. 

^HF^ The % indicates that these vols, ptay be htul strongly bound at 6d. extra. 
LONDON: CROSBY LOCKWOOD AND SON, 



Architecture, Building, etc., continued, 

ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of the^Architect and 
Builder. By T. Rogbr Smith, M.R.I.B A., Architect. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS PC LLC. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 
130. GRECIAN ARCHITECTURE, An Inquiry into Ihe Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Axt in 
Greece. By the Earl of Aberdeen, is. 
%* The two preceding Works in One handsome Vol., half bound, entitled "Ancient 

f32. THE ERECTION OF DWELLING-HOUSES. Dlustrated by 
a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, with the Specification, Quantities, and Estimates, &c. By 
S. H. Brooks. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES <Sr* MEASUREMENTS in Bricklayers', Masons', 
Plasterers', Plumhers', Painters', Papcrhangers*, Gilders*, Smiths*, Carpenters' 
and Joiners' Work. By A. C. Beaton, Surveyor. New Edition, is. 6d. 

175. LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1891. A 
Comprehensive Handbook of the Latest Prices and Data for Builders. 
Architects, Engineers, and Contractors. Re- constructed. Re-written, ana 
greatly Enlarged. By Francis T. W. Miller, A.R.I. B. A. 650 pages. 
3s. 6d. ; cloth boards, 4s. [3^««/ Published. 

182. CARPENTRY AND JOINERY'-TwE. Elementary Prin- 
ciples of Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With a TREATISE ON JOINERY by E. 
Wyndham Tarn, M.A. Fifth Edition, Revised. 3s. 6d.f 
182*. CARPENTRY AND JOINERY, ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 63. 

185. THE COMPLETE MEASURER ; the Measurement of Boards, 
Glass. &c. ; Unequal-sided, Square-sided, Octagonal-sided, Round Timber 
and Stone, and Standing Timber, &c. By Richard Horton. Fifth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS, By G. WiGHTWiCK. 
New Edition. By G. H. Guillaumb. Illustrated. 3s. 6d.t 

i88. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
WRITING : with a Course of Elementary Drawing for House-Painters, Sign- 
Writers. 8tc., and a Collection of Useful Receipts. By Ellis A. Davidson. 
Fifth Edition. With Coloured Plates. 5s. clotb limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 
In Six Sections : General Principles ; Arch Drawing, Cutting, and Setting : 
Pointing; Paving, Tiling, Materials; Slating and Plastering | Practical 
Geometry, Mensuration, Sec. By Adam Hammond. Seventh Edition* is. 6d. 

191. PLUMBING, A Text-Book to the Practice of the Art or Craft ot 

the Plumber. With Chapters upon House Drainage and Ventilation. Fifth 
Edition. With 380 Illustrations. By W. P. Buchan. 35. 6d.* 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE. By R. E. Grandy. m. 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, Including 
Church Restoration. With the Theoiy of Domes and the Great Pyramid 
8tc. By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S. 4s. 6d.t 

226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Works. By 
Wyvill J. Christy, Architect. With upwards of 160 Enpravings on Wood, js.t 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON, 
By E. Wyndham Tarn, M.A., Architect. Second Edition, revised, is. 6d. 

liP The t indicates that these vols, may be had strongly bound at 6d, extra, 
7, stationers' HALL COURT, LUDGATE HILL, E.G. 



Architecture, Building, etc., continued, 

229. ELEMENTARY DECORATION: as applied to the Inteiior 

and Exterior Decoration of Dwelling-Houses, 8tc. By J. W. Facby. 2S. 

257. PRACTICAL HOUSE DECORATION. A Guide to the Art 

of Ornamental Painting. By Jambs W. Facby. 2s. 6d. 
%• The twoprecedir^ IVorks, in One handsome Vol.^ half-bound, entitled ""SLovsM 
Dbcoratiom, Elbmbntary and Practical/' price $s. 

230. HANDRAILING, Showing New and Simple Methods for finding 

the Ktch of the Plank, Drawing the Moulds, Bevelling, Jointing-up, ana 
Squaring the Wreath. By Gborob Colungs. Second Edition, Revised 
including A Treatisb ON Stairbuilding. Plates and Diagrams. 2s.6d« 

247. BUILDING ESTATES : a Rudimentary Treatise on the Develop- 

ment, Sale, Purchase, and Greneral Management of Building Land. By 
FowLBR Maitland, Surveyor. Second Edition, revised. 2s. 

248. PORTLAND CEMENT FOR USERS. By Henry Faija, 

Assoc. M. Inst. C.E. Third Edition, corrected. Illustrated, as. 

252. BRICKWORK: a Practical Treatise, embodying the Greneral 

and Higher Principles of Bricklaying, Cutting and Setting, &c By F. 

Walkbr. Second Edition, Revised and Enlarged, zs. 6d. 

23. THE PRACTICAL BRICK AND TILE BOOK. Comprising: 

189. Brick and Tilb Making, by E. Dobson, A.I.C.E.; Practical Bricklay- 

S65. IN6, by A. Hammond ; Brickcutting and Setting, by A. Hammond. 534 

pp. with 270 Illustrations. 6s. Strongly half-bound. 
tSl.THE TIMBER MERCHANT'S, SAW-MILLER' S, AND 
IMPORTER'S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich- 
ARDapN. With a Chapter on Speeds of Saw-Mill Machinery, &c. By 
M. Powis Balb. A.M.Inst.C.E. as.t 

258. CIRCULAR WORK IN CARPENTRY AND WINERY. 

A Practicid Treatise on Circular Work of Single and Double Curvature. 
By Gborob Collings. Second Edition, 2s. 6d. 

259. GAS FITTING: A Practical Handbook treating of every 

Description of Gas Laying and Fitting. By John Black. With 122 Illus- 
trations. 2s. 6d.t 

261. SHORING AND ITS APPLICATION: A Handbook for the 
Use of Students. By Georgb H. Bi-Agrove. is. 6d. [Just published. 

265. THE ART OF PRACTICAL BRICK CUTTINGS' SETTING. 
By Adam Hammond. With 90 Engravings, is. 6d. [Just published. 

267. THE SCIENCE OF BUILDING: An Elementary Treatise on 
the Principles of Construction. Adapted to the Requirements of Architec- 
tural Students. Bv E. Wyndham Tarn, M.A. Lond. Third Edition, Revised 
and Enlarged. With 59 Wood Engravings. 3s. 6d.t [Just published. 

271. VENTILATION : a Text-book to the Practice of the Art of 
Ventilating Buildings, with a Supplementary Chapter upon Air Testing. By 
William Paton Buchan, R.P., aanitary and Ventilating Engineer, Author 
of " Plumbing," &c. 3s. 6d.t [Just published. 

SHIPBUILDING, NAVIGATION, MARINE 
ENGINEERING, ETC. 
51. NA VAL ARCHITECTURE. An Exposition of the Elementary 
Principles of the Science, and their Practical Application to Naval Construc- 
tion. JBy J. Pbakb. Finh Edition, with Plates and Diagrams. 3s* 6d4 

53*. SHIPS FOR OCEAN DRIVER SERVICE, Elementary and 
Practical Principles of the Construction of. By H. A. Sobimbrpbldt. zs. 6d. 
53**. AN ATLAS OFENGRA VINGS to Illustrate the above. Twelve 
large folding plates. Royal 4to, cloth. 7s. 6d. 
54. MASTING, MASTMAKING, AND RIGGING OF SHIPS, 
Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
&c., relative to every class of vessels. By Robert Kipping, N A. 2s. 

iST* The t indicates that these vols, may be had strongly bound at 6d. extra. 
LONDON: CROSBY LOCKWOOD AND SON, 



Shipbuilding, Navigation, Marine Engineering, etc., cont. 
54*. IRON SHIP-BUILDING. With Practical Examples and Deteils. 
By ToHH Grantham, C.E. Filth Edition. 4s. 
55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 
Navigation. By Jambs Grsbkhvood, B.A. With numerous Woodcuti and 
Coloured Plates. New and enlarged edition. By W. H. Rossbr. as. 6d.} 
80. MARINE ENGINES AND STEAM VESSELS. By Robert 
Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by the 
Author and by Gborob Carlisle, C.E. 4s. 6d. limp ; 5s. cloUi boards., 
83 Wr. THE FORMS OF SHIPS AND BOATS. By W. BLAND. 
Seventh Edition, Revised, with numerous Illustrations and Models, zs. 6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 

and Practice. By Prof. J. R. Young. New Edition. 2s. 6d. 
106. SHIPS* ANCHORS, a Treatise on. By G. Cotsell, N.A. is. 6d. 
149. SAILS AND SAIL-MAKING. With Draughting, and the Centre 
of Effort of the Sails ; Weights and Sizes of Ropes : Masting, Rigging, 
and Sails of Steam Vessels, &c. 12th Edition. By R. Kipping. N.A., as. 6d.t 
155. ENGINEER'S GUIDE TO THE ROYAL <Sr' MERCANTILE 
NAVIES. By a Practical Enoinbbr. Revised by D. F. McCarthy. 3s. 
55 PRACTICAL NAVIGATION. Consisting of The Sailor's 
fl Sea-Book. By Jambs Grbbnwood and W. H. Rossbr. Together with 
•f^ the requisite Mauiematical and Nautical Tables for the Workmg of Uie 
"*• Problems. By H. Law, C.E., and Prof. J. R. Young. 7s. Half-bound. 

AGRICULTURE, GARDENING, ETC. 

61*. A COMPLETE READY RECKONER FOR THE ADMEA^ 

SUREMENT of LAND, &c. By A. Arman. Third Edition, revised 

and extended by C. Norris, Surveyor, Valuer, &c. as. 
131. MILLER'S, CORN MERCHANTS, AND FARMER'S 

READY RECKONER. Second Edition, with a Price List of Modem 

Flour-Mill Machinery, by W. S. Hutton, C.E. 2s. 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

Modbrn Farming.) By R. Scott Burn. Woodcuts, as. 

141. FARMING 6* FARMING ECONOMY, Notes, Historical and 

Practical, on. (VoL 2. Outlinbs of Modbrn Farming.) By R.Scott Burn. 3s. 

14a. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

OuTUNBs OF Modbrn Farming.) By R. Scott Burn. Woodcuts, at. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. (Vol. 4. Outunbs of Modbrn Farming.) as* 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. c. Outunbs of Modbrn 

Farming.) B^ R. Scott Burn. Woodcuts, as. od. 
*»* Nos, i40-x-a-5-6, tn One Vol.yhandsomely half-bound^ enft'iled ** Outlinbs of 
Modbrn Farming." By Robbrt Scott Burn. Price xar. 
177. FRUIT TREES, The Scientific and Profitable Culture of. From 

the French of Du Brbuil. Revised by Gbo. Glbnny. 187 Woodcuts. 3s. 6d.l 
198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 

DISEASES OF. By W. C. Spoonbr, M.R.V.C, 8tc. Fifth Edition, 

enlarged, including Specimens ot New and Improved Breeds. 38. 6d.$ 
201. KITCHEN GARDENING MADE EASY. By George M. F. 

Glbnny. Illustrated, is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organu 

taiion of Farm Labour. By R. Scott Burn. as. 6d.t 

208. OUTLINES OF LANDED ESTATES MANAGEMENT 
By R. Scott Burn. 2s.6d4 

%• Not, axyj &• ao8 in One Vol., handsomely hal/-bound, entitled "Outlinbs of 
Landbd Estates and Farm Managbmbnt." By R. Scorr Burn. Price 6r. 

19" The t indicates that these vols, may be had strongly bound at 6d. exim. 
7, stationers' hall COURT, LUDGATE HILL, E.G. 



Agriculture, Gardening, etc., continued, 
209. 7HE TREE PLANTER AND PLANT PROPAGATOR. 
A Practical Manual on the Propagation of Forest Trees, Fruit Trees* 
Flowering Shrubs, Flowering Plants, &c. By Samubl Wood. as. 
lie. THE TREE PRUNER. A Practical Manual on the Pruning of 
Fruit Trees, including also their Training and Renovation ; also the Pmninir 
of Shrubs, Climbers, and Flowering Plants. By Samubl Wood. is. 6d. 
%* Not. 209 ^ 2x0 in One Vol.f handsomely half -bounds entitled "Thb Trbb 
Plamtbr, Propagator, and Prdnbr." By Samubl Wood. Price 3*. 6d. 
tl8. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c. 
By John Stbblb. Fourth Edition. 2s. 
tit, SUBURBAN FARMING, The Laying-put and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs. Poultry^ 
and Pigs. By Pro£ John Donaldson and R. Scott Burn. 3s. 6<L% 

131. THE ART OF GRAFTING AND BUDDING. By Chakles 

Baltbt. With Illustrations. 24. 66..X 

132. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables 

for Small Gardens. By £. Hobday, is. 6d. 

233. GARDEN RECEIPTS. Edited by Charles W. Qum. is.6d. 

234. MARKET AND KITCHEN GARDEN fNG. By C, W. Shaw, 

^late Editor of " Gardening Illustrated." 3S.I \.Just published, 

239. DRAINING AND EMBANKING. A Practical Treatise, em- 

bodying the most recent experience in the Application of Improved Methods. 
By John Scott, late Professor of Agriculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations, is* 6d. 

240. IRRIGATION AND WATER SUPPLY. A Treatise on Water 

Meadows, Sewage Irrigation, and Warping; the Construction* of Wells^ 
Ponds, and Reservoirs, &c. By Prof. John Scott. With 34 lllus. is. 6d. 

241. FARM ROADS, FENCES, AND GATES. A Practical 

Treatise on the Roads, Tramways, and Waterways of the Farm; th» 
Principles of Enclosures ; and the diflPerent kinds of Fences, Gates, and 
Stiles. By Professor John Scott. With 75 Illustrations, is. 6d. 

242. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construction, 
with Plans and Estimates. By Prof. John Scott. With 105 lllus. 2s. 

243. BARN IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Application of Power to the Operations of Agriculture j and 
on various Machines used in the Threshing-bam, in the Stock-yard, and m the 
Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 2s. 

244. FIELD IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Varieties now in use, with Principles and Details of Con- 
struction, their Points of Excellence, and Management. By Professor John 
Scott. With 138 Illustrations. 2s. 

245. AGRICULTURAL SURVEYING. A Practical Treatise on 

Land Surveying, Levelling, and Setting-out ; and on Measuring and Esti- 
mating Qiiantities, Weights, and Values of Materials, Produce, Stock, ftc. 
By Prof. John Scott. With 62 Illustrations, is. 6d. 
%* Not. 239 to 245 in One Vol., handsomely half 'bound, entitled " Thb Complbtb 
Tbxt-Book of Farm Enginbering." By Professor John Scott. Price 12s, 

«50. MEAT PRODUCTION, A Manual for Producers, Distributors, 

flee. By John Ewart. as. 6d.t 
266. BOOK-KEEPING FOR FARMERS 6;' ESTATE OWNERS. 

By J. M. Woodman, Chartered Accountant. 2s. 6d. cloth limp ; 3s. 6d. 

cloth beards. iS^ust published, 

§3r The t indicates that these vols, may be had strongly bound at 6d. extra. 
LONDON: CROSBY LOCKWOOD AND SON, 



MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; Their 
Construction, Adjustment, Testine, and Use concisely Explained. By J. F. 
Hbathbr, M.A. Fourteenth Edition, revised, wiUi additions, by A. T. 
Walmisley, M.I.C.E., Fellow of the Surveyors* Institution. Ongfinal Edi- 
tion, in z vol., Illustrated. 2s4 [Just published, 
\* In ordering the above^ be careful to say, " Ordinal Edition " {No, 32), to disttn' 
guish it from the Enlarged Edition in 3 vols. {Nos. 168-9-70.) 

y6. DESCRIPTIVE GEOMETRY, an Elementaiy Treatise on; 

with a Theory of Shadows and of Perspective, extracted nrom the French of 

G. MoNGB. To which is added, a description of the Principles and Practice 

of Isometrical Projection. By J. F. Hbathbr, M.A. Witn 14 Plates, as. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2s. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and Grerman. By Jambs Haddon, 
M.A., Arithmetical Master of King's College School, London, xs. 6d. 

84. ARITHMETIC, a Rudunentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Youno. Eleventh Edition, xs. 6d. 
84*. A Kby to the ahove, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, iot the Use of 
Teachers and Unassisted Learners. By J. R. Youno. xs. 6d. 

85. EQUA TIONAL ARITHMETIC, appUed to Questions of Interest, 

Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly facilitated. By W. Hipslby. as. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2s.. 
86*. A Kby and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

89. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Hbnry Law, C.E. 2s. 6d.t 

•«• Sold also separately, tnz, .•— 

88. EucuD, The First Three Books. By Hbnry Law, C.E. is. 6d. 

89. Euclid, Books 4, 5, 6, ix, X2. By Hbnry Law, C.E. is. 6d. 

9a ANALYTICAL GEOMETRY AND CONIC SECTIONS, 
By Jambs Hann. A New Edition, by Professor J. R. Youno. as.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's Coll^^e, London, it. 6d. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hann. Revised by Cuarlbs H. Dowuno, C.E. is. 
%• Or with " The Elements of Plane Trigonometry** in One Volume, xs, 6d. 
9^. MENSURATION AND MEASURING. With the Mensuration 
and Levelling of Land for the Purposes of Modem Engineering. By T. 
Bakbr, CE. New Edition by E. Nugbnt, C.E. Illustrated, is. 6d. 
loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHousB, F.R.A.S., &c. IS. 6d. 
102. INTEGRAL CALCULUS, Rudimentaiy Treatise on the. By 
Hombrsham Cox, B.A. Illustrated, is. 

136. ARITHMETIC, Rudimentaiy, for the Use of Schools and Self- 

Instruction. By Jambs Haddon, M Jl. Revised by A. Arman. is. 6d. 

137. A Kby to Haddon's Rudimbntary Arithmbtic. By A. Arman. is. 6d. 

iST* The % indicates that these vols, may be had strongly bound at 6d. extra. 
It STATIONBRS' hall COURT, LUDGATE HILL, E.G. 



Mathematics, Arithmetic, etc.^ continued, 
i68. DRAWING AND MEASURING INSTRUMENTS. Indad- 
iag' — ^I. Instruments employed in Greometrical and Mechanical Drawing, 
and in the Constmction, Copying, and Measurranent of Maps and Flans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Hbathbr, MA. Illustrated, is. 6d 

169. OPTICAL INSTRUMENTS. Including (more %speciaUy) Tele- 

scopes, Ificroscopes, and Apparatus for producing copies of Maps and Flans 
by Photography. By J. F. Hbathbr, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Indudinjs^— I. Instruments Used for Determining the Greometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Hbathbr, MA. Illustrated, is. 6d. 
%* Tkd above three volumes form an enlargement of the Authof's original work 
" Mathematical Instruments." (See No, 32 in the Series.) . 
xG^^ MATHEMATICAL INSTRUMENTS. By J. F. Heathex, 
169. > M.A. Enlarged EdiHon, for the most part entirely're-wntten. The 3 Parts as 
170.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d4 
158. THE SLIDE RULE, AND HOW TO USE IT; containing 
fall, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapioitv and accuracnr. By Charlbs Hoarb, C.E. Fifth 
Edition. With a Slide Rule in tuck of cover. 2s. 6d.« 
196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By F^dor Thoman. ^.X 
199. THE COMPENDIOUS CALCULATOR ; or, Easy and Concise 
Methods of Performing the various Arithmetical Operations reanired in 
Commercial and Business Transactions ; together with Useful Tables. By 
D. O'GrORMAN. Tweuty-seventh Edition, carefally revised by C. Norris. 
2s. 6d^ cloth limp ; 3s. 6d., strongly half-bound in leather. 
204. MA THEMA TiCAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Hbnry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. Br Prof. J. R. Youno. New Edition. 4s. 
104*. LOGARITHMS. With Mathematical Tables for Trigonometrical, 
Astronomical, and Nautical Calculations. By Hbnry Law, M.Inst.CE. New 
and Revised Edition. (Formingpartofthe above Work). 3s. 
MI. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Sutth Edition. 2%.% 
127. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 
gation, by means of Arithmetical and Simple Algebraical Equations and 
Practical Examples. Bv Francis C ampin. C.E. Second Edition. 3S.t 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMIS7RY. By Professor George Fownes, F.R.S. With 

an App«idix on the Application of Chemistry to Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. ToMUNSON. Woodcuts. IS. 6d. 

6. MECHANICS, Rudimentary Treatise on. By CHARLES ToM- 

LiNSON. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles ot Electncal 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., «tc. With Additions by R. Sabinb, C.E., F.S.A. is. 6d. 
7*. GALVANISM. By Sir W. Snow Harris. New Edition by 
RoBBRT Sabinb, C.E.,F.S.A. is.6d. 

8. MAGNETISM; being a concise Exposition of the Greneral Pnn- 

ciples of Magnetical Science. By Sir W. Snow Harris. New Editira, 

revised by H. M. Noad, Ph.D. With 165 Woodcuts. 3s. 6d4 

%^ The t indicaies that these vols, may be had strongly bound at 6d. extra. 

LONDON: CROSBY LOCKWOOD AND SON, 



Physical Science, Natural Philosophy, etc., continued. 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A. 3s. 

12. PNEUMATICS, including Acoustics and the Phenomena ofT^^d 

Currents, for the Use of Beginners. By Charles Tomunson, F.R.S. 
Fourth Edition, enlarged. Illustrated, is. 6d. [Just publtsMed, 

72. MANUAL OF THE MOLLUSCA; a Treatise on Recent and 
Fossil Shells. By'Dr. S. P. Woodward. A.L.S. Fourth Edition. With 
Plates and 300 Woodcuts. 7s. 6d., cloth. 

96. ASTRONOMY, By the late Rev. Robert Main, M.A. Third 

Edition, by William Thynnb Lynn, B Jl., F.R JI.S. 2s. 

97. STATICS AND DYNAMICS, the Principles and Pl»ctice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baxbr, C.E. Fourth Edition, zs. 6d. 

173. PHYSICAL GEOLOGY, partly based on Major-General PORT- 

lock's "Rudiments of Geology." By Ralph Tatb,A.L.S.,8cc. Woodcuts, as. 

174. HISTORICAL GEOLOGY, parUy based on Major-General 

Portlock'^" Rudiments." By Ralph Tatb, A.L.S., &c. Woodcuts. St. 6d. 
173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's '*Rudfaneatt of 
i74> Geology." By Ralph Tatb, AX.S., F.G.S., fcc. In One Volume. 4s. 6d.« 
183 ANIMAL PHYSICS, Handbook of. By Dr. La&dnbr, D.C.L., 

& formerly Professor of Natural Fhilos<q;>hy and Astronomy in University 
f 8a. Coll^pe, Loud. With 520 lUustrations. In One Vol. 7s. 6d., cloth boards. 
* ^ %• Sold also in Two Parity as follows .•— 

183. Animal Physics. By Dr. Lardnbr. Part I., Chapters I.~VII. 4s. 

184. Animal Physics. By Dr. Lardnbr. Part H., Chapters VIII.— Xvul. 3s. 
269. LIGHT : an Introduction to the Science of Optics, for the Use of 

Students of Architecture, Engineering, and other Applied Sciences. By £. 
Wyndham Tarn, M.A. is. 6d. \.Jusi published. 



FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, &c. By Gborob Pynb. 2s. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS. From the German of Dr. Gbssbrt and Emanubl Otto From- 
BBRO. Widi an Appendix on Thb Art of Enamellino. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Cbarlbs Child Spbncbr. 2s. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerons Exer- 
cises & Lessons from the Best Masters. By Charlbs Child Spbncbr. is.6d. 
t^-n* ^USIC (5* THE PIANOFORTE. In one vol. Half bound, 53. 
i8i. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniature. 
Pamting on Ivory, Vellum. Potteiy, Enamel, Glass, fcc. With Historical 
Sketches of the Progress ot the Art b^ Thomas John Guluck, assisted by 
John Timbs, F.S A. ^fth Edition, revised and dolarged. $%.% 

186. A GRAMMAR OF COLOURING, applied to Decorative 
Paintine and the Arts. By Gborob Fibld. New Edition, eiduved and 
adapted to the Use of the Ornamental Painter and Designer. By Slus A. 
Davidson. With two new Coloured Diagrams, &c. 3s.t 
146. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
liniuff and Restoring, Schools of Painting, &c. With Notes on the Copyists 
and Iniitators of each Master. By Phiuppb Daryl. as. 6d.t 

iST* The X mdtcaies thai those vols, may be had strongly bound mt 6d. extrm. 
It STATIONERS' HALL COURT, LUDGATE HILL, B.C. 



INDUSTRIAL AND USEFUL ARTS. 

S3. BRICKS AND TILES, Rudimentary Treatise on the Manniao 
tme of. fiy E. Dobson, M.RJ.B.A. Illustrated, 354 

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund Beckett, LL.D., Q.C. Seventh Edition/revised and en- 
larged. 48. 6d. limp : <%, 6d. cloth boards. 

83**. CONSTRUCTION OF DOOR LOCKS. Compiled from the 

Papers of A. C. Hobbs, and Edited by Charlbs Tomunson. F.R.S. ss. 6d. 

itt. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern-Making, Moulding, Turning, Filing, Bnmislunflr» 

Bronsing. &c rWith copious Keceipts, &c. By Walter Graham. 2s.t 



tions for the Alloying and Working of Gold. By George E. Gbb, 3s.t 

125. THE SILVERSMITirS HANDBOOK, containing fiiU In- 
structions for the Alloying and Working of Silver. By George £. Gee. 3S.I 
%• TJu two preceding Works, in One handsonu Vo*., half-bound, entitled " Thb 
Goldsmith's & Silversmith's Complete Handbook," 71. 

«49. THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, By George E. Gee. js.* 

124. COACH BUILDING, A Practical Treatise, Historical and 
Descriptive. By J. W. Burgess. 2s. 6d.t 

235. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

MA., Precentor of Ely Cathedral. Illustrated, as. 6d.| 

262. THE ART OF BOOT AND SHOEMAKING. By John 

Bedford Lbno. Numerous Illustrations. Third Edition. 2s. 

263. MECHANICAL DENTISTRY: A Practical Treatise on the 

Construction of the Various Kinds of Artificial Dentures, with Formube, 
Tables, Receipts, 8kc. By Charles Hunter. Third Edition. 33.* 
270. WOOD ENGRA VING : A Practical and Easy Introduction to 
the Study of the Art. By W. N. Brown, is. 6d. 

MISCELLANEOUS VOLUMES. 
36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MININGjJdETALLURGY, ARCHE- 
OLOGY, the FINE ARTS, &^. By John Weale. Fifth Edition. Revised 
by Robert Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 
50. THE LAW Op CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged. 3s.* 
112. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 
BA., M.D. A Family Guide in all Cases of Accident and Emergency. mJ 
112*. MANAGEMENT OF HEALTH. A Manual ot Home and 
Personal Hygiene. By the Rev. James Baird, B.A. is. 
150. LOGIC, Pure and Applied. By S. H. Emmsns. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THB 

HUMAN UNDERSTANDING. With Notes by S. H. Emmrns. ss. 

154. GENERAL HINTS TO EMIGRANTS. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 
Tames Mann, F.RA.S., F.M.S. Second Edition. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION. By Major 

W. W. Knollvs, F.R.G.S. With 163 Woodcuts. %%.% 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, baiiy 
Managoment, &c. By An Old Housekeeper. 3s. 6d.t 

i94» HOUSE BOOK (The). Comprising :— I. The House Manager. 
112 & By an Old Housekeeper. II. Domestic Medicine. By R. Gooding, M.D. 

1 12*. In. Management of Health. By J. Baird. In One Vol., half -bound, 6s. 

iSr The % indicates that these vols, may be had strongly bottndat 6d. extra. 
LONDON: CROSBY LOCKWOOD AND SON, 



EDUCATIONAL AND CLASSICAL SEBIEa 



HISTORY. 



I. England, Outlines of the History of; more especially with 
reference to the Origin and Progress of tibe English Constitution. By 
William Douglas Hamilton, F.S^., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Habulton. 
of University Coll^^e, London, and Edward Lbvibn, M.A., of Balliol 
College, Oziord. as. 6d. ; cloth boards, 3s. 6d. 
7. Rome, Outlines of the History of: from the Earliest Period 
to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, 28. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 
50. Dates and Events in English History, for the use of 
Candidates in Public and Private Examinations. By the Rev. £. Rand. is. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.C.L. Fourth Edition, is. 6d. 

12. Dictionary of the English Lang^uage, as Spoken and 

Written. Containing above 100,000 Words. By Hydb Clarkb. D.CL. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., 5s. 6d. 

48. Gonoiposition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
i8th Edition, is. 6d. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutoh, French, Spamsh, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. Rowbotham, F.R.A.S. Improved Edition, zs. 6d. 

51. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translatedfrom the French. 8th Edition, carefully corrected. 2s.6d. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a BrietTreatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Gborob E. Wbbstbr. as. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Edited by the. Rev. A. R. Grant, Rector of Hitoham, and Hon«iaiy Canon of Ely ; 
formerly H.M. Inspector of Schools. 

iNTRODyCTORY PrZMBR, ^i, 

«. dA t, d. 

First Standard . o 6 I Fourth S/andard . . . z t 

Sbcond „ . . o 10 I Fifth "^ „ . . . . z 6 

Third „ . . i o | Sixth' „ . . . . z 6 

Lbssons from thb Biblb. Part I. Old Testament, zs. 
Lbssons from thb Biblb. Part 11. New Testamtot, to which is added 

Thb Gboorapht of thb Biblb, for very younr Children. By Rev. C. 

Thornton FoRSTBR. is. 2d. ^'OrtheTwoPartsinOneVeluM. ss. 

7» STATIONSRS' HALL COURT, LUDGATS HILL, S.C. 



FRENCH. 

14. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. ' By G. L. Strauss, Ph J>. is. 6d 

15. French-English Dictionary. Comprising a large number of 

New Terms used in Engineeringr, Mining, «tc. By Alfred Elwbs. is. 6d. 

16. English-French Dictionary. By Alfred Elwes. 2s. 
«S,«6. French Dictionary (as above). Complete, in One VoL, 3s. ; 

deth boards, 3s. 6d. %* Or with fhe Grammar, cloth boards, 4s. 6d. 
47. French and English Phrase Book : containing Intro- 
dvctory Lessons, with Translations, several Vocabularies of Words, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 

GERMAN. 

39. Grerman Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d. 

40. German Reader : A Series of Extracts, careAilly culled from the 

most a|q;>roved Authors of Germany; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 
41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. German -French-Enrlish. Part II. English-Grer> 
man-French. Part III. French-GMman-En^ish. 3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

ec 39. Grammar (No. 39), in One Volume, cloth boards, 5s. 

ITALIAN. 
27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwbs. is. 6d. 
s8. Italian Triglot Dictionary, wherein the Genders of all the 

IMan and French Nouns are car^lly noted down. By Argnim Elwbs. 

Vol. I. Italian-English-French, as. 6d. 

30. Italian Triglot Dictionary. By A. Elwes. VoL 2. 

English- French-Italian, as. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwbs. VoL 3. 

French- Italian -English, as. 6d. 
*8,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d. 
32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34* Spanish Grammar, in a Simple and Practical Form* With 

a Course of Exercises. By Alfrbd Elwbs. is. 6d. 
35. Si>anisli-English and Englisli-Spanisb Dictionary. 



Including a large number of Technical Terms used in Mining, Engineering, 8^. 
with the proper Accents and the Gender of every Noun. By Alfrbd Elwbs 
4S. ; cloth boards, 5s. %* Or with the Grammar, doth boards, 6s. 



55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfrbd Elwbs. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary. Including a large number of Technical Terms used in Mining, 
Engineering, &c., with the proper Accents and the Gender of every Noun. 
Bf Alfrbd Elwbs. Second Emtion, Revised, 5s. ; cloth boards, 6s. %* Or 
with die Grammar, cloth boards, 7s. 

HEBREW. 

46». Hebreuir Grammar. By Dr. Bresslau. is. 6d. 
44. Hebreuir and English Dictionary, Biblical and Rabbinical; 
containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings, ^y Dr. Brbsslau. 6s. 

46. English and Hebreinr Dictionary. By Dr. Bbesslau. js. 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, with 

46*. the Grammar, clo th boards, 12s. ___»_„ 

LONDON : CROSBY LOCKWOOD AND SON, 



LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Ftinciples of Translation and Construction. By the Rev. Thomas Goodwin, 
MJ^., Head Master of the Greenwich Proprietary School, is. 6d. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

MJl. 2S. 

22. £ngllsh-Latin Dictionary 5 together with an Appendix of 
French and Italian Words which have their oriflin from the Latm. By the 
Rev. Thomas Goodwin, MJl. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. 
cloth boards, 4s. 6d. •.• Or with the Grammar, cloth boards, ss. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical AuUiors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6d; 

2. Csesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young, as. 

3. Cornelius N epos. With Notes. By H.Young, is. 

4. Virgilll Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. Rushton, M.A., and on the Georgics by H. Young, is. 6d. 

5. Vir^llil Maronis JEaeis. With Notes, Critical and Explanatory, 

by xl. Young. New Edition, revised and improved With copious Adm- 
tionai Notes by Rev. T. H. L. Lbary, D.C.L., formerly Scholar of Brasenose 
College, Oxford. 3s. 

5; Part I. Books i.— vi., is. 6d. 

S -^-^— Part 2. Books vii.— xii., 2s. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace ; Satires, Epistles, and ArsPoetica. Notes by W. Brown- 

Rioo Smith, MJl., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellmn Tugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andiia et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M Jl. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and E^lanatory, by the Rev. Jambs Davibs, M Jl. as. 

11. Terentii Eunuchus, Comcedia. Notes, by Rev. J. Dayibs, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev 
Jambs Davibs, M.A. is. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

dtia, de Claris Oratoribus Dialogi. With Notes by W. Brownriog Smith 

M.A., F.R.G.S. as. 
16. Livy s History of Rome. Notes by H. YouNQ and W. B. Smith, 

M.A. Part I. Books i., ii., is. 6d. 
x6*. — — Part 2. Books iii., iv.^ v., is. 6d, 
17. Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Fropertius, 

and Ovid. Notes by W. B. Donnb, M.A., Trinfty College, Cambridge. 2s. 

20. Latin Prose Selections, from Vairo, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculns, Valerius Maximas SnSto- 
nius, Apuleius, Sec. Notes by W. B. Donnb, M.A. as. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscoTT, B.A., Lecturer on Logic at King's College, London, as. 

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C 



GREEK. 
14. Greek Grammar, in accordance with the Principles and Phflo- 
logical Researcbes of the most eminent Scholars of our own day. By Hans 
Claudb Hamilton, is. 6d. 
15,17. Greek Lexicon. Containing all the Words in General Use, with 
their Significations, Inflections, and Doubtful Quantities. ByHBNRT R. 
Hamilton. Vol. i. Grreek-Englisb, 2s. 6d. ; Vol. 2. English-Grreek, 2s. Or 
the Two Vols, in One, 4s. 6d. : cloth boards. 5s. 
14,15. Greek Lexicon (as above). Complete, with the GnAifMAR, io 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatoiy Notes in English. 
I. Greek Delectus. Containing Extracts from Classical Authors, 
with Grenealogical Vocabularies and Explanatory Notes, by H. Youno. New 
Edition, with an improved and enlarged Supplementary Vocabulaxy, by John 
Hutchison, M.A., of the High School, Glasgow, zs. 6d. 
1, 3. Xenophon's Anabasis ; or. The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Young. Part x. Books i. to iii., 
IS. Part 2. Books iv. to vii., xs. 

4. Lucian's Select Dialogues. The Text carefhllv revised, with 

Grammatical and Explanatory Notes, by H. Young, xs. 6a. 
5-12. Homer, The Works of. According to the Text of Basumlein. 

With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 
Lbary, M.A., D.C.L. 
Thb Iliad : Part i. Books i. to vi.^ xs.6d. Part 3. Books xiii. to xviii., xs. 6d. 
Part 2. Books vii. to xii., xs. 6d. Part 4. Books xix. to xxiv., is. 6d. 
Thb Odtssby: Part i. Books i. to vi., xs. 6d Part 3. Books xiii. to xviii., is. 6d. 
Part 2. Books vii. to xii.,xs.6d. Part 4. Books xix. to xxiv., and 
Hymns, 2s. 
13. Plato's Dialogues s The Apology of Socrates, the Crito, and 
the Phaedo. From the Text of C. F. Hbrmann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisfosd. 
With Preliminary Observations and Appendices, and Notes, Critical* and 
Explanatory, by T. H. L. Lbary, M.A., D.C.L. 

Part I. Books i., ii. (The Clio and Euteroe), 2s. 

Part 2. Books iii., iv. (The Thalia and Melpomene), 2s. 

Part 3. Books v. -vii. (The Terpsichore, Erato, and Polymnia), as. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, xs. 6d. 

18. Sophocles : GBdipus Tyrannus. Notes by H. Young, is. 

10. Sophocles! Antigone. From the Text of Dindorf. Notes, 
Critical and Explanatory, by the Rev. John Milnbr, B.A. 2s. 

23. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorf. With Notes, Critical and Explanatory, by W. Brownrigo Siotb, 
MJl., F.R.G.S. is.6d4 _ 

26. Euripides: Alcestis. Chiefly from the Text of Dindorf. With 
Notes, Critical and Explanatory, by John Milnbr, B.A. xs. 6d. 

30. .^schylus ; Prometheus Vmctus : The Prometheus Bound. Ftom 
the Text of Pindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. Jambs Davibs, M.A. is. 

32. -^schylus : Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
fikMiatory, by the Rev. Jajibs Davibs, MA. is. 

40. Aristophanes ; Achamiams. Chiefly from the Text of C. IL 

Wbisb. With Notes, by C. S. T. Townshbnd, M.A. is. 6d. 

41. Thucydides! History of the Peloponnesian War. Notes by H. 

Young. Book x. xs. 6d. 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 

ductionbyLL. F. W. Jbwitt. is. 6d. . 

43. Demosthenes. The Oration on the Crown and the Phihppics. 
With English Notes. By Rev. T. H. L. Lbary, D.C.L., formerly Scholar o« 
Brasenose College, Oxford, is. 6d. 
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